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IRA CLEVELAND DAVIS 


HE Twenty-Seventh Science Education 

Recognition Award is being made post- 
humously to Ira Cleveland Davis. The 
award had been planned previously for the 
December issue. It is to be regretted that 
the award was not made earlier. A number 
have caused 


of considerations us to go 


ahead with our original plans. The many 
friends, associates, and acquaintances of 
Professor Davis wholeheartedly agree that 
he is most deserving of receiving the Sci- 
ence Education Recognition Award. 
Professor Ira Cleveland Davis was born 
in Randolph, Wisconsin, May 17, 1886, 
the son of David Milton and Catherine 
Johes Davis. He passed away in Madison, 
Wisconsin, May 9, 1961, eight days short 
of his seventy-fifth birthday. Professor 
Davis married Hope Coy, December 24, 
1914. They had two sons—Robert Hamil- 
ton and John Leslie. 
at the family home at 2110 Chamberlain 


Mrs. Davis resides 
Avenue in Madison. Professor Davis was 
a member of the Congregational Church, 
a member of the Masonic Lodge, of Rotary 
International, of Maple Bluff Country 
Club, and of the University Club in Madi- 
son. 
Professor Davis from the 
Randolph, 
1905. He received an A.B. degree from 


Ripon (Wisconsin) College in 1910 and 


graduated 


Wisconsin, High School in 


an M.A. degree from the University of 
Wisconsin in 1923. He also did 
graduate work in science beyond the mas- 
ter’s degree. 

Teaching experience included: science, 
Claire (Wisconsin) High School 


some 


Eau 
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1910-1912; Toppenish, Washington, High 
School, 1912-1914; North Central High 
School, Spokane, Washington, 1914-1917. 
In 1917 he became teacher of science and 
Head of the Science Department of the 
School. 
This position included the training of sci- 


University of Wisconsin High 


ence teachers. In 1923 he was promoted 
to Assistant Professor in the Teaching of 
Science in the School of Education of the 
University of Wisconsin. He was made 
1938 and a full 


Professor in 1942. He was elected Chair- 


Associate Professor in 
man of the Department of Educational 
Methods, 1942-1946. He was 
Chairman of the Department of Education, 
1947-1949. 


elected 


He became Professor Emeritus 


in 1956, 
Membership in professional organiza- 
tions included: National Association for 


Research in Science Teaching, Central As- 


sociation of Science and Mathematics 
Teachers, Council for Elementary Science 
International, National Education Associa- 
tion, National Science Teachers Associa- 


tion, and the Wisconsin Education As- 
sociation. 

included: Trustee of Ripon 
1960; 
contributions to Education, Ripon College, 
1947; President of Science Section of the 
National 1935- 
1938. A yearbook was published each 


year. 


Honors 


College, Alumni Citation for his 


Education Association, 
He was editor chairman of the Na- 
tional Committee on Science Teaching, 
1939-1942. 
by the National Education Association in 


This committee was sponsored 


cooperation with nine national organiza- 
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tions of science teachers. The committee 
was assigned the problem of finding ways 
of implementing the recommendations of 
the Educational Policies Commission. The 
Committee published the following reports: 
1. Science Teaching for Better Living. 
2. Redirecting Science Teaching in the 
Light of the Personal and Social 
Needs of Children. 

3. The Education of the Science Teacher. 

Professor Davis, over the years, was 
treasurer, director, and chairman of several 
committees of the Central Association of 
Science and Mathematics Teachers. He 
was elected President of the Association 
for 1938. For ten years he served as gen- 
eral science editor of School Science and 
Mathematics. 

A Charter and Life member of the Na- 
tional Association for Research in Science 
Teaching, Professor Davis took an active 
part in its meetings and activities. He 
served as chairman of two NARST Com- 
mittees to conduct research, served as 
Vice-President in 1937, as President in 
1948 and on the Executive Committee in 
1937, 1948, and 1949. 

Professor Davis also had the honor of 
being selected for inclusion in Leaders in 
Education and Who’s Who in America. 

Publications included numerous _text- 
books, guides, and magazine articles. He 
was the author of more than thirty articles 
published in various magazines. A few 
of these were: 

The Nation’s Schools 

How the Contract Plan Provides for 
Individual Differences. 
Science Education 
Science in Functional Living, 1948. 
School Science and Mathematics 
Apparatus Needed for General Sci- 
ence, 1926. 
The Use of Motion Pictures in Teach- 
ing General Science, 1923. 
The Science Situation, 1930. 
Analysis of the Subject Matter in the 
Eight Most Widely Used Textbooks 
in General Science, 1930. 
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What Is the Scientific Method in 
the Natural Sciences?, 1940. 
Professor Davis (with Smith) was the 
designer of the very popular and widely 
used “Set of Science Charts for General 
Science,” 1947, distributed by A. J. Nys- 
trom and Company, Chicago. 

Textbook, manual and study-guide pub- 

lications were: 

Holley and Davis: “Physics Guide and 
Laboratory Manual,” Lyons and Car- 
nahan, 1950, 1953, 1957. 

Davis and Davis: “Problems in Struc- 
tural Biology” (several editions) ; “A 
Study Guide and Manual in Biology,” 
Mentzer, Bush and Company, 1947. 

Davis and Richard W. Sharpe “Science: 
The Story of Progress and Dis- 
covery ;” “Study Guide and Manual,” 
Henry Holt and Company, 1936, 1943, 
1947, 

Davis, John Burnett, and E. Wayne 
Gross “Science: A Story of Discovery 
and Progress,” Henry Holt and Com- 
pany, 1957. 

“Science: A Story of Ob- 
servation and Experiment—Science 
1”; “Science: A Story of Experiment 
and Discovery—Science 2,” Henry 
Holt and Company, 1954. 

Davis and John Burnett “Study Guide 
and Manual—Science 1,” Henry Holt 
and Company, 1954. 





Gross, E. Wayne and Davis “Study 
Guide and Manual — 
Henry Holt and Company, 1954. 


Science 





Through the years at the University of 
Wisconsin, Professor Davis helped to edu- 
cate more than 1500 science teachers. 
These included more than 50 whose re- 
search for the master’s degree was carried 
out under his direct supervision. More 
than ten doctoral candidates did their re- 
search under his guidance. 

The credo of Professor Davis may very 
well be stated as follows: 

It takes time and effort to become a scientist. 


This means that schools should provide a con- 
tinuous program in science from grades 1 through 
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12. The program of studies should be so planned 
that a pupil’s understanding of concepts and 
principles will be enlarged and broadened as their 
study progresses and that new concepts and prin- 
ciples will be added to keep pace with the pupil's 
development and maturity. 

In learning science, pupils will need a textbook 
which will present the concepts and principles 
in such a way they will be understood. A large 
list of demonstrations and pupil activities will 
help give meaning to what is learned. 

Learning by doing is necessary and should be 
emphasized. This means the teacher should be 
provided with a good laboratory and all of the 
supplies, apparatus, and materials needed to pro- 
vide for a wide range of activities. In this way 
pupils can learn to be good observers and good 
experimenters. With these experiences they can 
learn to use the scientific methods and apply them 
in everyday living. 


Over a period of some forty-six years 
of classroom teaching, Professor Davis 
made numerous and important contribu- 
tions in advancing the progress of science 
teaching. These include the landmark 
publications of the Science Section of the 
N.E.A., science charts, the publication of 


CHARLES EDGAR 


aarces CHARLES EDGAR MONTGOMERY, 

for thirty-five years (1917-1952) Pro- 
fessor of Biology at Northern Illinois State 
University, Dekalb, Illinois, passed away 
March 16, 1961 in Anaheim, California. 
The cause of death was pneumonia. He 
had been ill since the first part of the year 
and had been in the hospital since the last 
of January. Burial was in Tustin, Cali- 
fornia. 

Doctor Montgomery married Frances 
Idella Snyder, September 1, 1909. Sur- 
vivors include Mrs. Montgomery; two 
daughters, Mrs. Milton Lomas of Garden 
Grove, California and Mrs. Duane Griffith 
of Detroit, Michigan; a brother John E. 
Montgomery of Denver, Colorado and a 
sister, Mrs. Minnie Simmons, Danville, 
Indiana. There are seven grandsons, one 
granddaughter, and three great grand- 
children. We are very sorry to report that 
Mrs. Montgomery had a paralytic stroke 
shortly after Dr. Montgomery’s death, 
leaving her completely helpless. The 
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an excellent series of general science text- 
books and study guides, and his services 
on science committees and in professional 
science organizations at both local and na- 
tional levels. The tangible and intangible 
results of his classroom contacts with some 
2000 science teachers, and the over three 
score teachers who did their master’s and 
doctoral research under his guidance, are 
immeasurable. These later contributions 
continue on through the years through the 
contributions made by his students and 
readers. Many an _ individual’s profes- 
sional and personal life has been enriched 
by Professor Ira C. Davis, one of America’s 
most honored and distinguished science 
education leaders. His many friends will 
miss his attendance at science meetings and 
his wise, practical counsel. 

To Professor Ira Cleveland Davis de- 
servedly goes the Twenty-Seventh Science 
Education Recognition Award. 

CLARENCE M. Pruitt 


MONTGOMERY 


Montgomerys had been living in Garden 
Grove, California since his retirement in 
1952. 

Dr. Montgomery was born on a farm 
near Danville, Indiana, January 17, 1884. 
He graduated from Indiana State Teachers 
College, Terre Haute, Indiana in 1910 
and received a B.S. degree from the Uni- 
versity of Chicago in 1912, an M.S. degree 
from Purdue University in 1918, and a 
Ph.D. degree from the University of 
Chicago in 1930. His teaching career 
spanned some fifty-one years. 

Professor Montgomery, a Life member 
of the National Association for Research 
in Science Teaching, was the recipient of 
the Twentieth Science Education Recogni- 
tion Award. A more complete biographical 
sketch of Professor Montgomery is found 
in the March 1960 Science Education. He 
expressed great pride in receiving the 
Science Education Recognition Award. 

CLARENCE M. Pruitt 








EVALUATION OF THE ADAPTED HARVEY WHITE 
PHYSICS FILMS IN TURKEY * 


KENNETH G. NELSON + 
ICA, USOM to Turkey 

AND 

Mitton O. 


PELLA + 


University of Wisconsin, Madison, Wisconsin 


BACKGROUND 


Problems in Teaching Physics 


T 


of greatest importance concern the teacher 


HE teaching of physics in Turkey is 
plagued by many problems. The three 


of physics, the population of the schools 
and the school curriculum. 

The physics teacher in the Turkish lycee 
traditionally possessed an earned university 
degree in physics or its equivalent. In 
relatively recent years the flow of such 
qualified physics teachers has_ virtually 
ceased. Present replacements for the aging 
university prepared physics teachers are 
now coming from a group of teachers 
prepared in Junior Colleges for teaching 
general science in the Junior High School 
and from a variety of other sources and 
subject matter fields. 

The expanding pupil population adds 
to the criticalness of the teacher supply 
problem. School enrollments in the lycees 
are growing rapidly and may someday 
progress from five per cent of the high 
school age youth to 30, 40, or 50 per cent. 

The of the 
caused by the decrease in teacher supply, 


critical nature problem 


coupled with the increase in enrollment 
is evident from an estimate by the Ministry 
of Education that only about one-half of 
the present teachers of physics in Turkey 
are considered qualified. The qualified 
teacher is also likely to be lacking in re- 

* A paper presented at the Joint meeting of the 
American Educational Research Association and 
the National Association for Research in Science 
Teaching, Chicago, Illinois, February 24, 1961. 

+ Ideas and opinions expressed here are those 


of the authors and not necessarily those of the 
participating agencies. 
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cent or up-to-date knowledge of physics 
or methods of teaching physics. 

The physics course of study taught in 
the Turkish lycees is considered by many 
science educators in Turkey to be in serious 
need of up-dating to bring it in line with 
modern scientific knowledge and _technol- 
ogy. The present course of study in physics, 
reflected in the textbooks, is based upon 
the classical physics curriculum found in 
Europe a number of years ago. The books 
lack graphic and illustrative materials and 
other teaching aids as vocabulary lists, 
questions and problems. In addition most 
lycees face a serious shortage of appropri- 
ate laboratory and demonstration equip- 
ment or the inability on the part of the 
teacher to use available equipment due to 
time or technique deficiencies. 


An Approach to the Problem 


The most promising available approach 
to improving the situation in the teaching 
of physics in terms of the quality of the 
instruction provided and of easing the 
teacher shortage appeared to be through 
the inservice education of teachers in prac- 
The Harvey White 
series seemed to offer an approach to in- 
to the 
physics course of study at the same time. 


tice. Physics Film 


service training and up-dating 

Because films of this type had not been 
previously used in Turkey, it was decided 
to try them out on an experimental scale 
prior to considering their extensive use. 
This led to a discussion involving the Ford 
Foundation, the I.C.A. Operations Mission 
to Turkey and the Board of Education of 


the Turkish Ministry of Education con- 
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cerning the jointly sponsored experiment 
using the Harvey White Physics Film 
series in the teaching of physics in Turkish 
Lycees to be subsequently described. 

Interest in the experiment was expressed 
by the administrators of the Istanbul lycees 
so a committee was formed for the purpose 
of planning and organizing the details. 
Final approval for the experimental study 
was granted by the Board of Education of 
the Turkish Ministry of Education in May, 
1958. 

Plans were then undertaken to adapt 
the films, a physics textbook, and other 
instructional materials for school use in 
the Turkish lycees. The experimeat began 
in September, 1959. 

The experimental materials consisted of 
an American physics course on 162 one- 
half hour films (Harvey White Film 
Series), an American physics textbook, 
tests and associated film and study guides. 
Tasks performed on these materials in- 
cluded placing a Turkish translation of 
the film annotation on the film magnastripe 
and preparing a Turkish translation of the 
textbook and other instructional materials. 


Problems to Be Investigated 


1. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish lycee students taught by teachers 
experienced in the teaching of physics with 
those taught by teachers not experienced 
in the teaching of physics when both 
teachers use the adapted Harvey White 
films and associated materials. (Teachers 
not experienced in the teaching of physics 
included those with little to no subject 
matter competency in physics. ) 

2. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish lycee students taught by teachers 
experienced in teaching physics using the 
adapted Harvey White films and associ- 
ated materials with those taught by teachers 
experienced in the teaching of physics using 
the adapted textbook but not using the 


Puysics FILMS IN TURKEY 285 


adapted Harvey White films and associated 
materials. 

3. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish students taught by teachers ex- 
perienced in the teaching of physics using 
the adapted Harvey White films and as- 
sociated materials with those studying 
physics by means of a correspondence study 
course that includes the use of the adapted 
Harvey White films and associated ma- 
terials. 

4. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish lycee students studying physics 
as a one year comprehensive course with 
those studying physics in a program con- 
sisting of three sequential courses. 

5. To determine the effect of teaching 
the experimental course in physics upon 
the teachers subject matter knowledge of 
physics. 

6. To determine the attitudes and reac- 
tions of teachers and students in Turkish 
lycees concerning the experimental one 
year comprehensive physics course using 
the adapted Harvey White films and asso- 
ciated materials and in the traditional 
physics program consisting of three se- 


quential courses. 


PROCEDURE 
Experimental Groups 


The student population involved with 
the experimental comprehensive one year 
physics program consisted of 1,657 boys 
and girls enrolled in the ninth grades of 
six Istanbul lycees. There were four ex- 
perimental instructional groups in each of 
the six lycees. 

The four groups were: 

1. The teacher experienced in the teach- 
ing of physics using the Harvey White 
films and associated materials. 

2. The teacher inexperienced in the 
teaching of physics using the Harvey White 


films and associated materials. The teach- 
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ers in this group came from other subject 
matter fields with little or no subject matter 
competence in physics. 

a ae ; 

3. Correspondence study group using a 
prepared self study course that included 
the Harvey White films. 
were supervised by non-teaching assistants 


These classes 
with no knowledge of or experience in the 
teaching of physics. The responsibilities of 
these supervisors consisted of operating 
the motion picture projector, distributing 
the collecting assignments, taking attend- 
A qualified 
physics teacher in a centrally located office 


ance and maintaining order. 


checked and corrected ‘all assignments and 
assigned grades to the students in the cor- 
respondence classes in the six lycees. 
These supervisors had no personal contact 
with the students. 

4. The teacher experienced in the teach- 
ing of physics but not using the films and 
The 


teachers of these groups used the translated 


certain of the associated materials. 
textbook and demonstration and laboratory 
the 
These groups studied the same 


equipment available in respective 
schools. 
units and lessons as groups 1, 2, and 3. 
These teachers were allowed to view the 
films included in the Modern Physics Unit 


but no others. 


Control Groups 


The 


students ; the entire population of one boy’s 


control groups consisted of 756 
lycee and one girl’s lycee located in Ankara. 
These students were enrolled in the tradi- 
tional legally prescribed program consisting 
of a sequence of physics courses distributed 
over a period of three years and taught 
by experienced qualified teachers of 
physics. 

The control groups were: 

1. Ninth grade lycee students (boys and 
girls). 

2. Eleventh grade lycee students (boys 
and girls). (Groups 1 and 2 included both 
literature and science majors.) 

The literature 
majors above deserves a word of explana- 


mention of and science 
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tion. Turkish lycees, permit students to 
elect a science or literature major at the 
beginning of the second year of the lycee. 
Students in the regularly prescribed Turk 
ish courses take three years of physics and 
cover about the same number of major 
topics in both majors. However, the sci- 
ence students take a somewhat more con- 
centrated course during their tenth and 
eleventh years. In the typical boys’ lycee 
the majority of the students are science 
majors and in the typical girls’ lycee they 
are literature majors. All ninth-grade stu- 
dents take the same course and do not in 
dicate a major until the tenth year. It also 
is of some importance to note that ninth 
grade Turkish lycee students are usually 
older and have taken considerably more 
physics and mathematics than ninth-grade 
students in the United States. 


EVALUATION 


Achievement of students and teachers in 


physics was determined by objective 
achievement tests adapted from items used 
in the of the 
Wisconsin experiment. Curricular validity 


was 


achievement examinations 


with 
to each of the above-listed groups so that 


ascertained of items respect 
comparisons between groups could be made 
on the basis of common physics content. 
Turkish 


familiar with objective-type tests, a prac- 


Since lycee students are un- 
tice unit in testing was used as orientation 
for students in all groups before testing 
was accomplished. Although a battery of 
pre-tests was prepared, it was found possi- 
ble to pre-test only a portion of the total 
group. Thus it became necessary to admin- 
ister a general aptitude test (the adapted 
Otis Gamma) at the end of the year to 
make possible the accounting for differ- 
ences in ability. 

Analysis of variance was the statistical 
model used in testing for the significance 
of differences in achievement. Although it 
had been intended to equate comparative 
groups statistically by co-variance tech- 
niques, it was decided to use simple means, 
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iamely that of equating the groups experi- 
mentally on the basis of the general apti- 
tude scores in order to simplify calculation 
and presentation of results to interested 
groups in Turkey. The equating of groups 
in terms of general aptitude and in terms 
of numbers for the analysis of variance 
was accomplished by randomly equalizing 
the numbers above and below the total 
group median in each of the sub-groups. 
This equating of groups had the shortcom- 
ing of reducing the variance and sample 
numbers of the sub-groups. The general 
effect was that of eliminating a number 
of the less able students from the ninth- 
grade groups and on the other hand elim- 
inating some of the more able students 
from the eleventh-grade groups. However, 
in the interests of being able to prepare a 
presentation for an early summer work- 
shop, it was decided to attempt this simpler 
analysis procedure for the quantitative 
data. The analysis of variance model 
studied main effects of instructional method, 
sex, and student aptitude level. It was not 
possible to include between-school effects 
in the analysis because there was only one 
boys’ and one girls’ lycee in the control 
sample. It was observed that considerable 
difference existed in achievement between 
schools of the Istanbul sample and it is 
felt that the small number of control schools 
and the failure to account for between- 
school differences is one of the major weak- 
nesses of the study. 

A check on the effectiveness of this 
equating of groups was accomplished by 
an analysis of variance of general aptitude 
scores (spring administration) which 
studied main effects of instructional groups 
(six instructional groups) sex, and general 
aptitudes or mental level. This analysis 
demonstrated that the instructional groups 
and sex groups could be considered equal 
in general aptitude or mental ability. 

A further check on the effectiveness of 
equating of groups was made by an analy- 
sis of variance of pre-test scores which 
were available for the four Istanbul ex- 
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perimental groups on the pre-test variables 
of mental ability (Otis), mathematics, and 
physics (mathematics and physics covered 
during junior high school). These three 
analyses of variance demonstrated that the 
instructional and sex groups could be con- 
sidered homogeneous as to mental ability. 
Although the instructional groups were 
found to be homogeneous for the variables 
of mathematics and physics (pre-tests), 
boys were significantly higher on both var- 
iables than girls. It must be assumed then 
that the ninth-grade boys in these samples 
had some advantage over girls in previous 
knowledge of physics and mathematics, 
although instructional groups could be con- 
sidered homogeneous with respect to both 
variables. 

Student attitude and opinion was ob- 
tained by a thirty-seven item, objective 
response questionnaire. The first ten items 
of this questionnaire constituted a course 
satisfaction attitude scale which was found 
to have a corrected split-half reliability of 
90. The balance of the items dealt with 
specific aspects of the course such as text- 
book, films, assignments, course difficulty, 
etc. Analysis of variance was used in 
studying the comparative groups on the 
course satisfaction scale which chi square 
(x°) was used to test for possible response 
differences in questionnaire response for 
the items dealing with specific aspects of 
the course. This paper provides only a 
summary of the results of the study of 
student attitude and opinion. 

Science interest was measured on a 
before and after basis by means of a 40 
item (Tetrad type) forced choice instru- 
ment. (Corrected odd-even reliability 
+.90). Analysis of variance was the sta- 
tistical model used with main effect of ad- 
ministration (before and after), sex, and 
instructional method. 

Teacher knowledge of physics was 
measured by the ETS College Cooperative 


Physics Test administered at the beginning 


and again at the end of the school year. 
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Unfortunately, it was not possible to ad- 


minister this test to the control school 
physics teachers. 
Teacher opinion and_ attitude was 


gathered by utilizing a twenty-four item 
combination objective and open-end type 
questionnaire regarding general and speci- 
This 


questionnaire was administered at the end 


fic elements of the physics course. 


of the year only to the teachers of the ex- 
perimental groups. This paper provides 
only a summary of the response to this 
questionnaire. 


RESULTS OF THE, EVALUATION 


The results of this evaluation can most 
easily be summarized by referring to the 
problems posed earlier in this paper. The 
first four problems deal with the compara- 
tive achievement, in terms of subject matter 
knowledge of physics, of student instruc- 
tional groups. The particular analysis of 
variance testing the significance of differ- 
ences will not be shown, but, only the 
general results of the analysis. In each 
case the levels of significance chosen are 
the 5 per cent and 1 per cent levels and 
the main effects studied are instructional 
group, sex, and mental ability level. 

Problem 5, dealing with teacher achieve- 
ment in physics and Problem 6 with stu- 
dent and teacher attitudes and opinions 
are discussed in summary fashion with 
only minor documentation. 

1. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish lycee students taught by teachers 
experienced in the teaching of physics with 
those taught by teachers not experienced 
in the teaching of physics when both teach- 
ers use the adapted Harvey White films 
and associated materials. 

Student 


substantially the same in these two groups 


achievement was found to be 
using the film series course (not signifi- 
cantly different at the 5 per cent level) 
with the mean score of the Experienced 
Teacher Group 45.9 and the Inexperienced 
Teacher Group 43.7. Main effects of sex 
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and student level were highly significant 
(less than 1 per cent) and in the expected 
direction (namely in favor of boys and 
high ability students). Instructional group 
and ability level interaction was found to 
be significant (5 per cent level). Here it 
was found that high ability students achieve 
more with the experienced teachers than 
with the inexperienced teachers (meats 
of 49.8 and 44.3 respectively ). 


low ability students achieve more 


However, 
with 
inexperienced teachers than with experi- 
enced teachers (means of 43.2 and 41.9 
respectively ). 

2. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish lycee students taught by teachers 
experienced in teaching physics using the 
adapted Harvey White films and associated 
materials with those taught by teachers 
experienced in the teaching of physics 
using the adapted textbook but not using 
the adapted Harvey White films and as- 
sociated materials. 

Both groups of students were under ex- 
perimental conditions and the examination 
questions covered content common to both 
courses. 

Students under an experienced teacher 
without the Film associated 
materials achieved higher final test scores 
(significant at the 5 per cent level) than 
students with the Film Series (means of 
49.9 and 45.9 respectively). Both of the 
other main effects were significant (at the 
1 per cent level) and in the expected di- 
rection. No interaction effects were signifi- 
cant. 


Series and 


3. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish lycee students taught by teachers 
experienced in the teaching of physics 
using the adapted Harvey White films and 
associated materials with those studying 
physics by means of a correspondence study 
course that includes the use of the adapted 
Harvey White films and associated mate- 
rials. 

Students 


taught by an _ experienced 
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teacher with the Film Series achieved 
higher (significant at the 5 per cent level) 
final test scores than those taught by a Film 
Series correspondence course. The mean 
scores were 45.9 and 42.9 respectively. 
Sex and student level main effects were 
significant at the 1 per cent level and in 
the expected direction. 

However, it was found that when boys 
and girls were considered separately ; boys 
in the correspondence course achieved sub- 
stantially as well as those in the course 
with an experienced teacher (not signifi- 
cant at the 5 per cent level) with means 
of 50.1 and 50.6 respectively. On the other 
hand, girls in the correspondence course 
did not achieve nearly as well as girls with 
an experienced teacher (mean scores of 
35.6 and 41.1, significant at the 1 per cent 
level). 

4. To compare the achievement in terms 
of subject matter knowledge of physics of 
Turkish lycee students studying physics 
as a one year comprehensive course with 
those studying physics in a program con- 
sisting of three sequential courses. 

The comparative achievement of stu- 
dents in the experimental physics courses 
and the Ankara control courses was made 
because, in the eyes of the host country 
participants, this was the most critical and 
important of all comparisons made. Un- 
fortunately, it must be conceded that this 
comparisorr is not a good one because of 
the many conditions which were not con- 
stant for the two groups. Although it 
might be assumed that a number of these 
conditions favored each of the two groups, 
their general effect is unknown and un- 
measured. Among these conditions are 
the following : 

a. Hawthorn effect: The Istanbul teach- 
ers and students knew they were taking 
part in an experiment—the Ankara Con- 
trol Groups were not aware of this until 
the end of the year. 

b. Inadequate control school samples: 
Only one girls’ lycee and one boys’ lycee, 
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both considered among the best in Ankara, 
were included in the study. 

c. Differing conditions under which the 
final achievement examinations were ad- 
ministered. In order to make the final 
achievement examination comparable be- 
tween the Experimental Groups and the 
Control Groups, a set of practice examina- 
tions was given to students of all the groups 
well in advance of the final examination. 
This was done to insure that members of 
all of the groups would have some acquaint- 
ance with this new type of objective-type 
examination. However, this still did not 
equalize the comparative experience of the 
two groups with objective-type examina- 
tions since the Experimental Groups had 
the experience of the pre-tests as well as a 
series of seven unit tests. Also, all of the 
Experimental and Control Groups were to 
have been given the orientation that the 
final examination in physics would have an 
important bearing upon final grades to be 
given in the course. It was evident that 
the Experimental Groups in Istanbul re- 
ceived this orientation. The example that 
can be used to illustrate how seriously 
the Experimental Groups took this infor- 
mation is the fact that although the Turk- 
ish revolution interferred in the adminis- 
tration of examination in one of the schools 
in Istanbul, a make-up time given during 
a period when there were no school classes 
for the rest of the Lycee resulted in almost 
100 per cent attendance of the ninth-grade 
students who were taking the physics 
courses. However, in the girls’ lycee and 
boys’ lycee of the Control Groups in An- 
kara, the same attitude did not prevail as 
uniformly in terms of the final examina- 
tion. Attendance during the examination 
sessions for the Ankara girls’ lycee was 
reasonably good when one considers that of 
the 329 ninth-grade girls, 240 actually 
completed the examinations and of the 275 
Ankara eleventh-grade girls there were 
225 who completed the examinations. 
However, in the case of the ninth and 
eleventh-grade boys, the examination at- 
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Of the 330 An- 
kara ninth-grade boys, only 178 boys com- 


tendance was not as good. 


pleted the examination, and of the 258 
eleventh-grade boys, only 93 completed the 
examinations. It can dnly be assumed that 
a sampling bias was introduced here for the 
Ankara ninth and eleventh-grade boys. 
The character of this bias cannot be known, 
but it may be assumed that the more con- 
scientious and interested boys were in at- 
tendance during the examination and that 
those who were not as concerned or inter- 
ested in physics failed to attend. 

d. Differing course loads for Experi- 
The 


Istanbul Experimental Groups were carry- 


mental and Control school groups. 
ing an overload of at least three class pe- 
riods of instruction per week as compared 
to the Ankara Control Groups. 

e. Differing age and experience of ninth- 
grade Experimental Groups and eleventh- 
grade Control Groups. The Ankara elev- 
enth-grade Control Group was two years 
older and had received more training in 
mathematics. 

f. Differing curricular emphasis and con- 
tent of Experimental and Control classes. 
The Experimental and Control school cur- 
riculum differed both in emphasis and con- 
tent. 
emphasis was upon theoretical aspects of 


In the control school curriculum the 


traditional, classical topics of physics while 
the Experimental school curriculum em- 
phasized practical, technological applica- 
tions of more modern topics in physics. 
Examination items for this comparison 
were based upon common content but it 
was not possible to include many items 
from the large block of physics content in- 
volving atomic physics, nuclear physics, 
electronics, or because 
Control 


quantum optics 


these not covered in the 


school course. 


were 


Several comparisons were made in an 
effort to solve the above problem. The 
first the Istanbul Experi- 
enced Teacher Without Film Group and 
the Ankara Ninth-grade Control Group. 


was between 


In this comparison the Istanbul group 
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achieved higher scores (significant at th« 
1 per cent level) than the ninth-grade Cor 
trol Group (means were 37.3 and 25.8 1 
spectively). The second comparison was 
the Istanbul Film 
spondence Course Group and the Ankara 


made between Corre 
Ninth-grade Control Group. This was also 
the 
Group (significant at the 1 per cent level) 
with means of 30.6 and 25.8 respectively. 


in favor of Istanbul Experimental 


The above two comparisons covered com 
mon physics content taught in the first year 
of the Control School Course and in the 
Experimental the 
The 
third comparison was between the Istan- 


Course; mainly over 


units of mechanics, matter, and heat. 


bul Experienced Teacher without Film and 
the Ankara Eleventh-grade Control Group. 
In this comparison the’ Experimental 
Group also achieved considerably better 
results (significant at the 1 per cent level) 
than the Control Group with means of 44.6 
and 37.9 respectively. The Istanbul Film 
Correspondence Course students were 
found to achieve scores substantially as 
high as the Ankara eleventh-grade Con- 
trol Group, with means of 38.0 and 37.9 
respectively (not significantly different at 
the 5 per cent level). However, the in- 
teraction between instructional groups and 
sex was significant at the 1 per cent level 
with boys of the Correspondence Group 
achieving better results than eleventh- 
grade boys of the Control School with re- 
spective means of 44.4 and 37.9. On the 
other hand, Ankara eleventh-grade girls of 
the Control School groups achieved better 
results than girls of the Correspondence 
Course group with means of 37.9 and 31.6 
respectively. 
of the groups 


achieve the higher scores if tested over 


The question arises as to 


which above two would 
physics content covered only during the 
last year of the course (eleventh grade) and 
common to that taught in the Experimental 
one-year course. This is pertinent because 
it would make the period of time for recall 
of subject matter covered constant for the 


groups compared. This was done and the 
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two analyses of variance comparing each of 
the two Experimental groups (Experi- 
enced Teacher without Film and Corre- 
spondence Film Course), with the elev- 
enth grade Control Group provided results 
parallel to the comparisons over the three- 
year physics content which were reported 
above. 

In reference to this problem it appears 
that achievement in the Experimental 
Course with or without the Film Series is 
superior to that in the Control School 
classes although conditions were so widely 
different in the two instructional and eval- 
uative situations that the result needs to 
be considered very carefully before being 
accepted. 

5. To determine the effect of teaching 
the experimental course in physics upon 
the teachers subject matter knowledge of 
physics. 

Unfortunately, it was not possible to 
test the Control Group of teachers to com- 
pare the change in physics knowledge oc- 
curring with that in the Experimental 
Teacher group. Also, the three experi- 
mental groups of teachers tested were so 
small that no statistical analysis of results 
was attempted (a total of only 14 teach- 
ers). The before and after average scores 
of the Experienced Teacher with Film 
Group were 67.2 and 83.5 respectively ; an 
average gain of 16.3 raw scores. The be- 
fore and after average scores of the Inex- 
perienced Teacher With Film Group were 
10.4 and 45.8 respectively ; an average gain 
of 35.4 raw scores. The before and after 
test scores of the experienced teacher With- 
out Film Group were 74.2 and 86.6 re- 
spectively; an average gain of 12.4 raw 
scores. 

It seems that inexperienced teachers with 
little or no knowledge of physics learn a 
great deal of physics in the course of teach- 
ing this film series course. Also, the ex- 
perienced teachers can learn some physics 
as a result of teaching this experimental 
course. 

6. To determine the attitude and reac- 
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tions of teachers and students in Turkish 
lycees concerning the experimental one 
year comprehensive physics course using 
the adapted Harvey White films and asso- 
ciated materials and in the traditional phys- 
ics program consisting of three sequential 
courses. 


Students 


a. Students in the Experimental Course 
had higher course satisfaction scores (sig- 
nificant at the 1 per cent level) than either 
the ninth or eleventh-grade Control 
Groups. 

b. Students in the four Istanbul Experi- 
mental Course groups had similar course 
satisfaction scores (not significant at the 
> per cent level). 

c. Students in the Experimental Course 
were very enthusiastic about their course, 
the Film Series, the textbook used, and the 
student guides. An example of the differ- 
ences that occurred in the answers to ques- 
tions about the above-mentioned items is 
in the responses to the questions “How 
helpful do you find your physics textbook 
in this course?” Forty-seven per cent of 
the Experimental Group students said they 
found their textbook “very valuable or 
helpful” while only 8 per cent of the An- 
kara Control Groups answered the ques- 
tion in this fashion. 

d. Students in the Experimental Courses 
thought the one-year course in physics was 
difficult, fast in pace, and very demanding. 
However, they also stated that only a few 
of the films were too difficult and only a 
few parts of the book were too difficult. 

e. Students in the Experimental Courses 
thought the unit tests were fair (in that 
they asked questions which students should 
be expected to answer) and of appropriate 
difficulty. These were objective tests that 
were given at the end of each of the major 
units such as sound, light, and heat. 

f. Students in the Film Courses liked 
the demonstrations but also said they would 
like to perform some of the laboratory ex- 


periments themselves. 
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g. The students in the Experimental 
Courses said that they had learned many 
new note-taking and study skills in this 
new type of course. 

h. Students in the Correspondence Film 
Course thought the course very difficult 
to handle without the aid of a teacher and 
without the usual teacher-led discussion 
of lessons. 

i. The increase in science interest from 
fall to spring (before and after the course ) 
was not significant at the 5 per cent level, 
although the increase for girls approached 
significance at the 5 per cent level. 


Teachers 


a. In general, the teachers were very en- 
thusiastic about the courses as a whole and 
also about the Film Series, the textbook, 
and the teacher and student guides. 

b. The teachers said they gained many 
new ideas about physics and teaching meth- 
ods from the films and the textbooks. 

c. The teachers said they had many me- 
chanical difficulties with the projectors and 
with the use of the film. 

d. Teachers in the experiment thought 
the one-year coverage of lycee physics was 
too fast, required too much for the students 
to learn, and felt that the daily schedule 
was too demanding for themselves and for 
the students. 

e. Teachers thought the Film Series and 
the Textbook used were not in good agree- 
ment as far as organization and content 
were concerned. 

f. Teachers in general were critical of 
the objective tests which were given to the 
students. 

g. The concensus of the teachers of the 
course was that this particular physics 
course was of appropriate difficulty for 
either ninth-grade or tenth-grade level 
lycee students. 


CONCLUSIONS AND RECOMMENDATIONS 


It is possible to make a number of con- 
clusions and recommendations based on the 
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results of this research, These conclusions 
and recommendations are made _ without 
complete information on cost or economic 
factors which will have some bearing upon 
the possible utilization of materials and 
methods developed in the research. 

The results of this study justify the 
following conclusions : 

1. Students and teachers were strongly 
enthusiastic in their approval and endorse- 
ment of the Experimental Physics Course, 
the adapted Film Series, the adapted text- 
book, and accompanying instructional ma- 
terials. 

2. The Film Series may make its great- 
est contribution as an aid to in-service 
teacher training and in schools where no 
physics teacher is available as an aid in 
the Correspondence Course. 

3. The adapted Film Series does not 
appear to be a desirable or necessary aid 
to an experienced teacher when this teacher 
has adequate, modern textbooks and suffi- 
cient laboratory equipment available. 

4. An improved physics textbook reflect- 
ing modern physics developments should 
result in greatly improved learning in 
Turkish schools. Where teachers are not 
experienced or well qualified in physics 
teaching it is possible that additional aids 
or manuals would be helpful. A_ possible 
first step in this direction would be a lab- 
oratory manual to help provide demon- 
stration and experiments for teachers in 
situations where laboratory equipment is 
lacking. 

5. It is likely that the results of this ex- 
periment will not have the same uniform 
outcomes when applied in girls’ lycees as 
they will in boys’ lycees. These differ- 
ential sex findings which occurred in this 
experiment should serve as a warning to 
others who are planning research in Turk- 
ish lycee instruction; they should take this 
factor into account in the design of their 
experiment. 

6. The results of this experiment dem- 
onstrate great promise for a similar ap- 
plication in the introduction of modern sci- 
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ence curricula and teacher improvement 
in other under-developed countries of the 
world. 

7. Although further research is neces- 
sary, the concentration of a physics course 
into one or two years in Turkish lycees 
offers sufficient promise that further trial 
and experimentation along this line should 
be attempted. 

The following recommendations and sug- 
gestions are made on the basis of the re- 
sults of this Experiment: 

1. Continue the Experimental Film 
Series Course in Istanbul lycees with more 
local responsibility and further research 
and development into aspects such as grade 
level most desirable for physics instruc- 
tion, further refinement of instructional 
materials, and development of additional 
needed instructional materials such as a 
teachers’ laboratory manual. 

2. Use the Film Series Course for pre- 
service and in-service teacher training. 
One of the most important uses that can 
be made of the Film Series would be its 
utilization in summer workshops and sem- 
inars for Turkish lycee teachers. 

3. Use the Film Series Correspondence 
Courses where there is a lack of experi- 
enced teachers. 
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4. Adopt the physics curriculum of the 
Experimental Course for Turkish lycees. 

5. Print additional copies of the Experi- 
mental Course physics textbook or develop 
a new and modern textbook more suitable 
for the present needs of physics instruc- 
tion than those presently available to Turk- 
ish lycee teachers. 

6. Develop a Turkish teachers’ labora- 
tory manual in physics. 

7. Arrange for more technical assistance 
from American and European sources in 
revising and improving other science teach- 
ing in Turkey. 

8. Use the plan of the Turkish Physics 
Experiment in the improvement of science 
education in other underdeveloped coun- 
tries. 

9. Attempt the general plan of develop- 
ment and evaluation of an instructional 
package in other areas of science such as 
chemistry or biology. 

10. Attempt a concentration of science 
courses in shorter one or two-year blocks 
rather than the three-year block of instruc- 
tion. 

11. It is suggested that future research 
in instruction in connection with Turkish 
lycees use a research design that provides 
a means of studying differential sex find- 
ings in achievement and student reaction. 


A BIBLIOGRAPHY FOR CAREERS IN MATHEMATICS 


Nura D. TuRNER 


State University of New York, College of Education, Albany, New York 


AS a result of my administering the An- 
nual High School Mathematics Con- 
test, sponsored by the Mathematical Asso- 
ciation of America and the Society of Actu- 
aries, in the Upstate Section of New York 
and my contact with the students in that 
section who ranked high in the 1958, 1959, 
and 1960 contests, I have become aware of 
the fact that capable high school students 
interested in mathematics do not know 
what careers are open to them in that field. 


So I am listing some recent references that 
may be of help in acquainting both high 
school students and their teachers with 
careers in mathematics. 


General Information 


1. Nourse, Alan Edward. So You 
Want to Be a Scientist. Harper, 
1960, $3.60. This book is written for 


young boys and girls. It is simply 
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but effectively written and can be 
read in an hour or two. The first 
half general information; 
the second half is devoted to a dis- 
cussion, though not detailed, of mathe- 
matics, and the physical, biological, 
and earth sciences, with respect to 


provides 


training and opportunities in those 
fields. 

“Careers in Mathematics,” Confer- 
ence Board of the Mathematical Sci- 
ence, Washington, D. C., The Mathe- 
matics Teacher, Vol. 53, No. 5, May 
1960, pp. 340-343. In this article 
industrial careers in 


teaching and 


mathematics are discussed with re- 
spect to satisfactions, requirements, 
nature of the work, and salaries. 

Waterman, A. T. “Scientific Woman 
Power—A Neglected Resource,” 
Science Education, Vol. 44, No. 3, 
April 1960, pp. 207-213. 
discussion of 

women that would be 
reading by high school girls inter- 
before their 


This is a 
general careers for 
well worth 
ested in mathematics, 
reading about careers in detail. 

“A Science Career for You,” Na- 
tional Business Woman, Vol. 39, No. 
5, May 1960, pp. 6-7+. This ar- 
ticle provides a general discussion on 
opportunities for women in chemistry, 
geology, astronomy, and 
meteorology. 

“What Jobs in Science,” The Amer- 
ican Biology Teacher, Vol. 22, No. 3, 
March 1960, p. 164. This article pro- 
vides a look forward over the next 
ten years with respect to the need of 
both and _ technically 


trained personnel. 


physics, 


professionally 


Specific Information 


i, 


Angel, Juvenal L. Careers for Ma- 
jors in Mathematics. World Trade 
Academy Press, Inc., 50 East 42nd 
Street, New York 17, New York, 
1959, $1.25. This is a monograph 
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of thirty pages in which are discussed 
(1) the field of mathematics; (2 
historical background; (3) personal 
qualifications; (4) 
work; (5) opportunities in mathe- 
(6) getting 
where employment is found; (8) r 


nature of the 


matics ; started; (7) 
muneration; (9) women in mathe- 
matics ; (10) educational background ; 
(11) fields of occupational 
specialization that include discussions 


major 


of the teacher, elementary, secondary, 
and college, the industrial mathema- 
tician, the mathematical physicist, the 
mathematical statistician; the actu- 
arian mathematician; the government 
mathematician; (12) advantages and 
disadvantages; (13) scholarships. 
Listed are twenty-four references to 
occupational literature in the field of 
mathematics that were published 
1951-1959. 

Careers in Mathematics. Research 
Number 262, The Institute for Re- 
search, Chicago, 1959, estimated cost 
$1.00. This is a monograph of 
twenty-four pages in which are dis- 
cussed (1) importance of mathemat- 
ics; (2) where mathematicians are 
employed; (3) history of mathemat- 
ics; (4) pure and applied mathemat- 
ics; (5) shortage of mathematical 
students; (6) types of mathematical 
work and opportunities for employ- 
ment that include teaching, mathe- 
matics in the armed services, explora- 
tion of outer space; (7) attractive 
and unattractive features of mathe- 
matical work; (8) personal qualifica- 
tions; (9) qualifications for federal 
employment; (10) of knowl- 
edge of modern languages and mathe- 
matics; (11) education; (12) schol- 
arships; (13) women in mathemat- 


need 


ics. 
Jobs in Mathematics. Science Re- 
search Associates, Inc., 57 West 
Grand, Chicago 10, Illinois, 1959, 
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$1.00. This is a booklet of thirty-one 
pages in which are discussed (1) 
looking ahead to your career; (2) 
some careers in mathematics including 
the actuarial field, mathematicians and 
electronic computers, teachers, and 
statisticians; (3) what does it take?; 
(4) how to qualify; (5) getting 
started; and (6) what of the future? 
Listed are fifteen references for further 
reading that were published 1953- 
1959. 

“Careers With Mathematics,” Jew- 
ish Life, Vol. 28:5, June 1960, pp. 
34-38. This is a quickly read article 
in which the careers of the statistician 
and actuary are discussed. In addi- 
tion, the use of mathematics in phys- 
ics, the fields suffering from a shortage 
of mathematicians, and the elec- 
trical computer as an example of ap- 
plied mathematics are discussed. 
Occupational Outlook Handbook, Ca- 
reer Information for Use in Guid- 
ance. The United States Depart- 
ment of Labor, Bureau of Labor, 
Statistics Bulletin, No. 1255, 1959, 
$4.25. This is a handbook of 785 
pages. In it the careers of the mathe- 
matician, statistician, programmer, 
actuary, teacher, engineer, chemist, 
physicist, etc. are discussed with re- 
spect to (1) where employed; (2) 
training, other qualifications, and ad- 
vancement ; (3) employment outlook ; 
(4) earnings and working condi- 
tions. One need not purchase the 
handbook. The material on mathe- 
maticians, statisticians, and program- 
mers is available for ten cents in Bul- 
letin No. 1255-46; material on ac- 
tuaries for fifteen cents in Bulletin 
No. 1255-39; material on teachers for 
fifteen cents in Bulletin No. 1255-83; 
material on engineers for fifteen cents 
in Bulletin No. 1255-28; material on 
chemists for five cents in Bulletin No. 


N 
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1255-16; and material on physicists 
for five cents in Bulletin No. 1255-61; 
Superintendent of Documents, Wash- 
ington 25, D. C. 

Professional Opportunities in Mathe- 
matics. The Mathematical Associa- 
tion of America, University of Buf- 
falo, Buffalo 14, New York, Fourth 
Edition, July 1959. This is a book- 
let of twenty-four pages in which are 
discussed (1) the teacher of mathe- 
matics; (2) opportunities in mathe- 
matical and applied statistics; (3) 
the mathematician in industry; (4) 
mathematicians in government; (5) 
opportunities in the actuarial profes- 
sion. Listed are (1) organizations 
that employed ten or more persons 
listed in the 1958-1959 combined 
membership of the American Mathe- 
matical Society, the Mathematical As- 
sociation of America, and the Society 
for Industrial and Applied Mathe- 
matics; (2) sixteen references for 
further reading. Copies may be 
obtained from The Mathematical As- 
sociation of America, University of 
Buffalo, Buffalo 14, New York, at a 
cost of $.25 for a single copy, or $.20 
per copy for an order of five or more. 
Turner, Nura D. “A Day with 
Mathematics as a Career,” New York 
State Education, Vol. 48, No. 1, Oc- 
tober 1960, p. 25+-. In this article is 
described the program arranged for 
the thirty-one students who ranked 
in the top one per cent in the Upstate 
Section of New York in the 1960 
Annual High School Mathematics 
Contest sponsored by the Mathemat- 
ical Association of America and the 
Society of Actuaries. The program 
was planned to provide these out- 
standing students with background 
as to how they could make a career 
in the expanding field of mathemat- 
ics. 








ROGER WAYNE PRICE 





ROGER WAYNE PRICE 


- is with great regret that we record the 


passing of Roger Wayne Price. Profes- 
sor Price was killed in an automobile acci- 
dent ten miles east of Eagle Butte, South 
Dakota, June 11, 1960, as the Prices were 
on their way to Greeley Colorado where 
Professor Price intended to enroll in the 
summer session at Colorado State College 
to continue his work toward the doctor’s 
degree. He was also scheduled to teach 
science education a portion of the summer 
session. Although Professor Price was 
killed almost instantly when the car left the 
road and overturned several times, Mrs. 
Price and their three-year old daughter 
were injured only slightly. Professor Price 
was buried in Pine Ridge Cemetery, located 
on the bluffs of the Mississippi River at 
Prescott, Wisconsin. 

Professor Price is survived by his wife 
Marilyn Jean (Lutz) Price, a daughter 
Jean Marie Price born March- 9, 1958 in 
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Joliet, Illinois and a son Wayne Allen Price 
born February 24, 1961 in Monterey, Cali- 
fornia. Survivors also include his parents, 
both living, Robert L. Price and Monica M 
(Utley) Price of Joliet, Illinois. The father 
has been head of the physics department, 
Joliet Township and Junior College, Joliet, 
Illinois, for more than thirty-five years. An 
only sister Mollie Jean Price died six years 
ago at the age of twenty-three. 

Professor Price was born in Joliet, IIli- 
nois, September 29, 1928. He attended 
grade schools in Joliet, 1934-1942 and 
graduated from the Joliet High School in 
1946. College attendance included: Joliet 
Junior College, 1946-48; Beloit College, 
3eloit, Wisconsin, 1948-49; Aurora Col- 
lege, Aurora, Illinois, 1950-51; Northern 
Illinois University, DeKalb, Illinois, 1955 
56; and summer sessions at Colorado State 
College, Greeley, Colorado, 1957-59. He 
received a B.S. degree from Aurora Col- 
lege in 1951 and a M.S. degree from North- 
ern Illinois University in 1956. 

Professor Price served in the U. S. 
Navy, 1951-1955 with the rank—Seaman 
Electronics Technician. During his tour 
of duty, he acted as Lay Assistant for many 
functions at the Harvard College Observa- 
tory in Cambridge, Massachusetts. 

Professor Price married Marilyn Jean 
Lutz June 20, 1955 in Monterey, California. 
Mrs. Price, the daughter of Chaplain and 
Mrs. George L. Lutz, was born in Min- 
neapolis, Minnesota. She graduated from 
the Theodore Roosevelt High School, Hon- 
olulu, Hawaii in 1952. She attended the 
University of Hawaii (1952-54); San 
Jose State College; San Jose, California 
(1954-55) ; and graduated from Northern 
Illinois University with a B.S. degree in 
Education in 1956. She attended summer 
sessions at Colorado State College in 1957 
and 1958. 

The teaching experience of Professor 
Price included: physics and mathematics, 





rnhie Taper wy 


rice 
vali- 
nts 
.M. 
ther 
ent, 
liet, 
An 


Cars 


Illi- 
ided 
and 
1 in 
oliet 
ege, 
Col- 
1ern 
55 
tate 

He 
Col- 
rth- 


<4 
man 
tour 
lany 
rva- 


Jean 
nia. 
and 
Vl in- 
rom 
lon- 

the 
San 
ria 
lern 
e in 
mer 
1957 


SSOT 


tics, 





Octoser, 1961] 


Downer’s Grove Community High School, 
Downer’s Grove, Illinois, 1956-58 ; Physics 
at St. Cloud State College, St. Cloud, 
Minnesota, 1958-1960. 

Title of Master’s Thesis: Extent of 
Mathematics Content in the Integrated 
Physical Science Courses in Secondary 
Schools. 

Title of Doctoral Study partly completed : 
The Development and Construction of Sec- 
ondary School and General College Physics 
Laboratory Experiments Intended to In- 
voke Scientific Inquiry. 

Publications included : 

“Organization of a Physical Science 
Club,” American Journal of Physics, Octo- 
ber, 1958. 

“Formation and Organization of a Phys- 
ical Science Club,” Minnesota Journal of 
Science, September, 1958. 

“A Suggested Solution for the Education 
of the Able Student,” Minnesota Journal of 
Science, January, 1959. 

“Improvement of Astronomy Education 
(K-16) Through a State-Wide Program.” 
Bulletin St. Cloud State College, St. Cloud, 
Minnesota (also an NARST paper appear- 
ing in this issue of Science Education). 

“Extent of Mathematics in Integrated 
Physical Science Textbooks for Secondary 
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Schools,” Science Education 45:157-161 
(March, 1961) 

Membership in organizations included: 
Central Association of Science and Mathe- 
matics Teachers, American Association of 
Physics Teachers, American Institute of 
Physics, Illinois Education Association, 
Minnesota Education Association, Minne- 
sota Academy of Science, National Educa- 
tion Association, and Phi Delta Kappa. 

Professor Price was chairman of the 
Nomination Committee, Physics Section, 
CASMT, 1956. He was a member of the 
Argonne National Laboratory Advisory 
Committee. He was the founder (1960) 
of the Central Minnesota Astronomical So- 
ciety. 

In the untimely death of Roger Wayne 
Price, science education has lost one of 
its most promising young members. His 
writings and his contagious enthusiasm ex- 
hibited in teaching and at science education 
conferences marked him as a young man 
of very great promise. 

Mrs. Price, with their children, is pres- 
ently residing at 342 Euclid Avenue, Mon- 
terey, California. She plans to continue her 
education this fall at either San Jose State 
College or the University of California. 

CLARENCE M. Pruitt 


IMPROVEMENT OF ASTRONOMY EDUCATION (K-16)— 
THROUGH A STATE-WIDE PROGRAM * 


RoGer W. PRICE 


St. Cloud State College, St. Cloud, Minnesota 


PREFACE 


g the opinion of the investigator, it is 
necessary for all people—including sci- 
entists—to broaden their earth-universe 


* Extension of paper presented at the Thirty- 
Third Annual Meeting of the National Associa- 
tion for Research in Science Teaching, Hotel 
Sherman, Chicago, Illinois, February 10, 1960. 
Published as an extended Bulletin, St. Cloud 
State College, January, 1960. 


perspective. This study attempts to present 
material and sources available to increase 
the present personal resources of teachers 
and interested patrons, sources possibly 
heretofore unknown. It is mainly through 
the teachers that an increased cognizance 
of the universe will be forthcoming. It 
will be only through a cooperative effort of 
groups and agencies throughout the state 
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that the proposals suggested here will be 
carried out to a full realization of a 
planned, coordinated program. 

It is not intended to imply that the neg- 
lected area of astronomy is a panacea for 
all ills but it is intended to imply that it is 
a means to an end in developing apprecia- 
tions and attitudes in the young person’s 
mind concerning his environment. 

Concerning its place in the curriculum, 
perhaps the cultural aspects of astronomy 
are not apparent enough to convince many 
educators of its great potentialities. One 
should be able to recognize through the 
mythology, the relationship of astronomy 
to the development of physical laws, the in- 
spiration great writers and many average 
readers have had from this subject and the 
effect these ideas can have on a person’s 
mental existence. 

What good are facts when we have no 
appreciations or attitudes which are desir- 
able? Life is good, then, for what? Reci- 
tation and regurgitation of more memo- 
rized facts? In our mad rush to learn and 
memorize facts, we as teachers should real- 
ize that more essential than facts are the 
attitudes developed in the young person. 
We must teach for understanding and an 
appreciation of our universe and our (for- 
tunate) place in it. Why are we here? 
- Why are we blessed by having conditions, 
within such narrow limits, perfect for our 
existence? Myriads of other penetrating 
questions consequently cascade down upon 
us; questions which should leave us in a 
state of humility. 

In the words of Abraham Lincoln: 

I can conceive how a man might look upon the 
earth and be an atheist, but I cannot understand 


how he could look up to the Heavens and say 
there is no God. 


I. INTRODUCTION 
Statement of the Problem 


The problem of this study is to conjoin 


[Vow. 45, No. 4 


heretofore unwedded, but related, material 
for the beginnings of a planned state-wide 
program in astronomy for the elementary 
and secondary school. 


Hypothesis 


The hypothesis of this study was as fol- 
lows: With the present day cognizance of 
the universe and space travel, it would 
seem necessary and imperative that a 
planned program in astronomy would be 
desirable. 


Need for the Study 


A survey of the literature discloses evi- 


dence that those individuals—usually teach- 





ers, interested in astronomy—have pub- 
lished, frequently and individually, an ac- 
count of their work done at a certain grade 
level. This material has not usually been 
unified with similar material for its use at 
specified levels. The survey also indicates 
that state-wide programs in astronomy are 
non-existent. This has been attested to by 
a Specialist in Science of the United States 
Office of Education." 
According to Miller, 


In 1900 only about 3.5 per cent of students 
enrolled in the high schools were enrolled in 
astronomy. And in the five years preceding it 
the per cent had decreased slowly but steadily 
from 5.2 per cent to 3.5 per cent.? 


The number of astronomy laboratory 
manuals *: 45 written in a relatively short 
period of time around the year 1900 might 
substantiate the fact that there was or had 
been a flare of interest at that time. 


1 Interview with Ellsworth S. Obourn, July 30, 
1959. 

2J. A. Miller, “Astronomy As A High School 
Science,” School Science and Mathematics, V, 
June, 1905, 417. 

8 Mary E. Byrd, A Laboratory Manual in 
Astronomy. Boston: Ginn and Co., 1899. 

* Robert W. Willson, Laboratory Astronomy. 
Boston: Ginn and Co., 1901. 

5 Charles A. Young, Manual of Astronomy. (A 
Textbook). Boston: Ginn and Co., 1902. 
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Miller also observed that: 


First, all high school science should always 
include the elements of astronomy. . . . Un- 
fortunately this opinion has not found favor with 
educators in the United States. The subject has 
been omitted from the reports of the various 
committees appointed by the N.E.A. [National 
Education Association] to consider the needs of 
secondary schools, and school officials generally 
seem to be hostile to it.® 


In what areas of science has the interest 
of the pupil or student tended to be di- 
rected? The survey by Webb* is men- 
tioned in this study for its historical in- 
terest only, since it was one of the earliest 
surveys of this type. As the editor of Cur- 
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aviation, astronomy, and inventions (in 
that order). Girls preferred: astronomy, 
aviation and biography (in that order). 
The total group preferred: astronomy, avi- 
ation and inventions (in that order). 

Webb realized that in the ensuing years 
that other topics would replace those men- 
tioned in the table. He stated that “this 
is inevitable; only if science ceased its ad- 
vance would their interests become crystal- 
ized.” § 

A more recent study is the Science In- 
terest Survey of Jefferson R-1 School Dis- 
trict (Colorado).® A questionnaire covering 


TABLE [1° 


PERCENTAGE OF SCIENCE EXPERIENCES (K-12) Boys ANp GirRLs 
Have Done AND Wovutp Like To Do 


Group Topic 
Plants and Animals 
Human Body 

Boys Earth 
Universe 
Matter-Energy 
Plants and Animals 
Human Body 

Girls Earth 
Universe 
Matter-Energy 


rent Science magazine, Webb wanted to 
know how junior high school students 
would rank science topics if allowed to 
choose when using their own initiative. A 
total of 1028 suggestions were made; boys 
made 526 and girls made 502. Geograph- 
ical distribution showed that 443 came 
from east of the Mississippi River and that 
585 came from west of the same dividing 
line. Topics included in Table IV (Page 
309) had to be proposed by more than ten 
students. 


The table reveals that boys preferred: 


6 Miller, loc. cit. 

™Hanor A. Webb, “The Science Young Folks 
Want,” Proceedings of the National Education 
Association. Minneapolis, Minn., 1928, 586-89. 


Would Percentage 
Have Done Like To Do Increase 
47.41 52.94 5.53 
41.29 53.54 12.25 
45.33 61.33 16.00 
35.59 63.40 27.81 
43.64 66.13 22.49 
40.76 60.50 19.74 
47.97 59.02 11.05 
36.86 56.72 19.86 
27.32 59.60 32.28 
32.30 56.98 24.68 


five areas of science was given to 11,429 
boys and girls from kindergarten through 
the senior year of high school (12th grade). 
The distribution of boys and girls was 
almost equal: boys—5,858 and _ girls— 
5,571. Using lists of activities and asking 
which they would like to do, it was used 
to eventually find if experience is gained 
in the grade level and if they would like to 


8 Jbid., p. 589. 

® Donald G. Decker, The Science Interest and 
the Quality of Science Concepts of Students in 
the Jefferson R-1 School District. 
Colorado: Colorado State College. 

10 Adapted from: Donald G. Decker, The 
Science Interest and the Quality of Science Con- 
cepts of Students in the Jefferson R-1 School 
District. Greeley, Colorado: Colorado State 
College. 


( rreeley, 
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experience the activity. The table below 
gives the average results of the survey for 
the thirteen grades, since the proportion 
was about the same for all grade levels. 

The above findings would appear to in- 
dicate that some of the students at all 
grade levels would like to have additional 
experiences at all levels in all areas of sci- 
ence. It would further imply that some 
students have had some experience in each 
area of science regardless of the science 
program. Of significance to this study is 
the indication that the areas of the Uni- 
verse and Matter-Energy are intensely in- 
teresting at all grade levels. 

The results of this preceding study was 
the basis of selection of a basic theme hav- 
ing to do with Nuclear Physics—Radio 
Astronomy—M icrocosmos-Macrocosmos— 
for the Visiting Scientist Program held in 
Central Minnesota™ for schools having 
school populations of 500 or less. Schools 
of this size comprise 78.1 per cent of the 
total when figured according to a city or 
town having secondary education avail- 
able." Science background was assumed 
through the ninth grade for the highest 
five per cent of the school’s science stu- 
dents. In the follow-up questionnaire 

11 Sponsored by National Science Foundation ; 
four—three hour sessions for nineteen schools, 
February 16 and 23, 1959. 

12 Minnesota Educational Directory (1957-58). 


St. Paul, Minn.: State Department of Education, 
1957. 
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answered by the teachers participating, 
most said the students lacked the necessary 
background in astronomy 
some background material was presented 
along with the physics principles used in 
their physics classes. 

Further study was done on this matter 
at the St. Cloud State College High School 
Science and Mathematics Institute.1* Par- 
ticipants were outstanding juniors (11th 





even though 


grade) students from most state high 
schools, preferably. Of all areas of science 
and mathematics presented, astronomy, 
organic chemistry and physics (sound) 
stimulated them the most; they also learned 
the most from these lectures. 

The participants were asked to: List the 
science areas covered in the Institute by 
order of decreasing neglect in your (own) 
school experiences to the present time (i.e., 
1—subject most neglected ; 6—subject least 
neglected ). 

—_— Biology 

Geology 
Physics 
—Astronomy 
Mathematics 
Chemistry 
The following table gives the composite 
results of the inquiry. 
13 Sponsored by National Science Foundation 


at St. Cloud, Minnesota from June 15 to July 
10, 1959. 


TABLE II 


DEGREE oF SCIENCE AREA NEGLECT EXPERIENCED BY 
MrInNEsoTA ABLE SCIENCE StupENTs (K-11) 


Subject/ Rank 7 * 
Astronomy 38 26 
Geology 32 34 

3iology 1 0 
Chemistry 1 0 
Physics 2 3 
Mathematics 0 0 


* Subject most neglected. 

» Subject neglected less than 1. 

* Subject neglected less than 2. 
“Subject neglected less than 3. 

* Subject neglected less than 4 

* Subject least neglected. 

®* Total number for each subject. 


a 44 5° 6' T* 
3 0 0 0 67 
2 0 0 0 67 

23 21 10 13 68 

15 23 14 15 68 

15 14 26 8 68 

11 11 8 37 67 
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The science neglect survey and the science 
interest survey cited herewith would tend 
to indicate that the young people would 
like to do more in the area of the universe 
and matter-energy and that the area of 
astronomy, along with geology, has been 
the most neglected subject. 

Could it be that the teachers are not 
well prepared in the area of astronomy? 
Price '* relates that Robert Aitkin, promi- 
nent Lick Observatory astronomer, was 
once discussing the questions asked of him 
by the students and graduates of the teach- 
ers colleges who visited the observatory. 
An observation made through these ques- 
tions made him feel that teachers of science 
should not be unfamiliar with the astro- 
nomical universe. 

Sharing a similar feeling is Sternig who 
believes that 

The average inhabitant of our planet is still 
just as earth centered in his mental outlook as 
though Copernicus had never been born. It is 
true that our schools teach children to recite the 
proper facts about the sun and the planets, but 
in the actual day by day living which we do, most 


people still feel and act as though the earth were 
the center and the end of all things.15 


II. A PATTERN DESIGNED TO INCREASE 
COMPETENCE IN TEACHING OF ASTRONOMY 


Science Concepts 


The building of a K-12 science program de- 
mands that the answers be found to these three 
questions: What concepts can be developed in 
each area of science by students at each level? 
What experiences best help students develop these 
concepts? What quality of science concept does 
each student develop as a result of his experi- 
ences at each level? . . . They will eliminate the 
duplication of experiences from grade to grade, 
and particularly between the elementary and the 
junior high school. They will eliminate the 


14 Robert L. Price, “Astronomy in Its Relation 
to the Teaching of Physics,” School Science and 
Mathematics, XXXV, January, 1935, 77. 

15 John Sternig, “Astronomy: let it broaden 
your mental outlook or earth-universe perspective 
through astronomy,” Science Education, XXXIII, 
October, 1949, 277. 
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neglect of areas of science instruction in the high 
school, such as astronomy, geology and meteor- 
ology.@ 

There has been a study of this nature 
recently undertaken by Neal and Selberg !* 
attempting to suggest concepts and gen- 
eralizations for grades one through nine. 
One major topic is: The Changing and 
Evolving Universe, under which three sub- 
topics are stated; (1) The Changing Uni- 
verse, (2) The Changing Earth and (3) 
The Earth’s Changing Atmosphere. An- 
other study '* of significance has been done 
to determine the frequency of concepts used 
in eight series of textbooks intended fot 
grades kindergarten through eight. 

A list of science concepts for each grade 
level, grades one through nine, are given 
in Table V pages 309-310. Two columns 
—<Activities and Equipment and Apparatus 
—have been reserved for the teacher’s use. 
3y using Table VI and Table VII Page 311, 
a teacher can plan her own class schedule 
for an individual class using the combined 
material of teachers who have done class- 
room research in the teaching of the astron- 
omy unit. The method of presentation here 
is designed to give greater freedom of choice 
in lieu of the unvarying, rigid word-for- 


word lesson plan. 


Scientific Inquiry 


The teacher might keep a pad handy for 
questions which continually arise in the 
classroom concerning astronomy and space. 
A list of questions that have been asked of 
teachers at all grade levels are given as 
examples of what children ask at that level. 


16 Donald G. Decker, “Science K-12," NEA 
Journal, XXXXVIII, April, 1959, 11. 

17 Louise A. Neal and Edith M. Selberg, Sug- 
gested Concepts and Generalizations for Teaching 
a Unified Science Program for Grades One 
Through Nine. Greeley, Colorado: Science Di- 
vision, Colorado State College, 1959. 

18 Donald G. Decker, Science Concepts, Grades 
Kindergarten-Eighth, Science Education Student 
Report, Greeley, Colorado: Colorado State Col- 
lege, 1955. 
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Scientific will best be 
plished not by the teacher attempting to 
answer the question, but by leading the 


inquiry accom- 


child into a situation where he will set up 
an experiment to find this information for 


himself. Shaw reminds us that 


In the first place, astronomy is an observational 
science. . . . The first requirement in astronomy 
is the ability to observe and report accurately the 
phenomena as they are presented.!® 


If scientific inquiry is to be realized, 
arbitrarily assigned time and compartmen- 
talized class periods will tend to make stu- 
dents think that all discoveries take place 
in fifty-minute packets of time. Once their 
curiosity is aroused, they should be allowed 
to pursue the problem until solved—within 
reason, of course. 


Suggested Procedures for Selected Levels 
Kindergarten. The kindergarten is not 
represented in the concept table. Through 
astronomy, some of the objectives defined 
by Ryan *° would be: (1) “encourage . 
to observe the heavens ... (2) to express 
themselves freely (3) work for clear 
speech ... (4) try for increase in vocabu- 
lary” and others. Observation is begun at 


‘ 


this level by “observing the sky, to see the 
formation of the clouds, and the color of 
the sky” throughout the day. A report of 
what they have seen follows so they may 
The 


astronomy is correlated with reading readi- 


fulfill the objectives of the teacher. 


ness, music and art. 


Fourth Grade. At the fourth grade level, 


Laughbaum *! begins by procuring all books 


available in the community on the subject 


19R, William Shaw, “Making the Most of 
Astronomy in High School Science,’ School 
Science and Mathematics, XXXXVIII, Decem- 
ber, 1948, 714. 

20 Geraldine M. Ryan, “Sky Unit for Kinder- 
garten,” American Childhood, XXXIX, June, 
1954, 25. 

21 Naomi Laughbaum, “Astronomy for Fourth 
Graders,” Ohio Schools, XXII, September, 1944, 
271. 
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of astronomy. Reading books and charts, 
observing the heavens, and discussing the 
solar system and phenomena outside of our 
solar system. Activities are planned by the 
Factual and fictitional stories are 
written to stir up the imagination; upon 


students. 


completion the stories are used to improve 
grammar, writing and spelling. 

Through mythology, history and geog 
raphy are brought into the discussion. In 
speaking of the universe, arithmetic can be 
made real through distances, weights, frac- 
tions and the reading of large numbers. 

For all elementary levels, the reader is 
referred to Gingery.* 

Junior High School. Crull firmly be- 
lieves that “we are endeavoring to present 
one facet of a complete and integrated 
science study.” *% He gives examples in 
which the mathematician, physical chemist 
and physicist all contribute to the science of 
He “This 


beautiful and essential interrelationship of 


astronomy. goes on to say: 
effort and knowledge should be preserved 
and strengthened in our presentation of the 
unit.” *4 

Senior High School. Price and Shaw 
have both indicated that leading general 
science textbooks give little stress to astron- 
Shaw 
finds that authors devote little space to 


omy in comparison to other topics. 


. properties of the stars, to the Milky Way 
or our Galactic System or the External Galactic 
Systems and the Universe as a whole, and yet 
it is in these areas that much of our current 
research is being done. Also it appears difficult 
to understand why so little attention is given 
to the great instruments of astronomical research 
such as the spectrograph and the giant telescope.*° 


Other than the area of Earth Science, 
Price sees the possibility that 


22 W. G. Gingery, “Astronomy for the Elemen- 
tary Science Class,” School Science and Mathe- 
matics, L, November, 1950, 598-602. 

23 Harry E. Crull, “Astronomy in the Junior 
High School Curriculum,” School Science and 
Mathematics, XXX XIX, May, 1949, 371. 

24 [bid., 371-72. 

25 Shaw, loc. cit., p. 713. 
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... high school physics offers, without question, 
the greatest number of opportunities for the teach- 
ing of astronomical facts.?¢ 


tle goes on to say that 


Since astronomy finds so little place in other 
of the high school sciences and since the cus- 
tomary high school course gives so little in the 
way of astronomical information and problems, 
it is the problem of the physics teacher to intro- 
duce this supplementary material if he hopes to 
give the student an adequate view of the uni- 
verse in which he lives.?7 

A revision of the science curriculum has 
been instituted and is presently being evalu- 
ated to offer d more complete and effective 
presentation of the sciences.** General 
science was discontinued in favor of biology 
(9th grade) and physical science (10th 
grade). Physics and chemistry continued 
to be offered in the 11th and 12th grades, 
respectively. 

Physical science was inserted into a 
previous void which prevented a four-year 
science sequence. In the physical science 
program, measurement, the universe, the 
earth, meteorology, atomic theory and me- 
chanics were included. This would leave 
physics with heat, light, sound, magnetism, 
and electricity, atomic and nuclear physics 
and electronics. As a result of this inno- 
vation, chemistry is offered to able and 
aggressive tenth graders in order that they 
may enroll in organic chemistry and ad- 
vanced biology (using physics and chemis- 
try as prerequisites ). 

College Level. I should like to remark that 
students often find college education an extremely 
disjointed affair, with each subject insulated from 
all others. If he achieves a sense of the unity 
of human knowledge he does so in spite of this 
rigid delimitation of course material. I believe 
that the interrelations between subjects should be 
emphasized rather than depressed.?® 


26 Robert L. Price, “Astronomy in Its Relation 
to the Teaching of Physics,” School Science and 
Mathematics, XXXV, January, 1935, 79. 

27 [bid., 83. 

28 Downers Grove (Illinois) High School, May, 
1958. 

29 Victor Goedicke, “Teaching and Textbooks 
in Astronomy,” Popular Astronomy, LII, March, 
1944, 133. 
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In one of the few references to college 
teaching of astronomy, Goedicke recalls see- 
ing the thought mentioned in astronomy 
textbooks “that astronomy has had a pro- 
found effect on human thought.” °° He 
feels the student should follow an astrono- 
mers line of reasoning to the end that intel- 
lectual development is fostered rather than 
just memorizing the astronomers conclu- 
sions. 

Courses in astronomy should be taught 
to familiarize the college student with 
astronomical terms, instruments and an ap- 
preciation of the universe. Goedicke thinks 

That the terminology which astronomers use 
in their work should be taught to students who 
intend to become astronomers goes without say- 
ing. But I am proposing that a book be written 
primarily for that 95 per cent of the students who 
do not intend to continue their studies beyond 
their single year of astronomy. No special 
terminology should be taught to such students 
unless it has an immediate purpose in facilitating 
a discussion. No special mathematical sym- 
bolism should be introduced if an equally good 
symbolism already exists in the student’s previous 
training.*! 


The call for such a book has been mentioned 
by Recht ** who also has the same feeling 
about college astronomy courses. 

Attitudes such as these presented here 
are necessary in professional astronomers ** 
at the college level to awaken in young 


people a genuine interest in astronomy. 


Ill, ASTRONOMY ACCOMMODATIONS 
FOR TEACHERS 


Astronomy Textbooks and Aids 


The elementary and secondary teacher 
should have a recommended astronomy 


3° bid. 

81 Jbid., p. 132. 

82 Interview with Professor Albert W. Recht, 
Director, Chamberlain Observatory, University 
of Denver, Denver, Colorado, August 4, 1959. 

33 Fine examples of this stand out through per- 
sonal contact : Robert H. Baker, Edward A. Fath, 
Clyde Fisher, Albert W. Recht, Harlow Shapley, 
Fred L. Whipple and Charles C. Wylie. Many 
others have also kindled interest among amateurs. 
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source list readily available. A list of this 
nature is Table VIII Page 312. Of 
prime importance, this list should furnish 
astronomy teaching aids for the presentation 
of the unit. The serious teacher, along 
with the aid, should have ready access to 
reliable and accurate textbooks. 

When observing, it should only be neces- 
sary to know some of the brighter stars 
to use as guide-posts. Observing aids are 
listed in the same table. Shaw dispels the 
fact that one must know all of the naked- 
eye observable celestial bodies in order to 
appear well-versed about the heavens. He 
says that: 

The ability to use intelligently a star chart 
for general identification purposes is more to be 
desired than uncertain reliance on the memory.** 


Of great proven value to the teacher is 
the Observer's Handbook. The handbook 
is always available for the current year and 
is thought to be one of the best printed. 
Instructions concerning its use and its 
features are available.*® 

An astronomical magazine or journal is 
an asset with which a teacher can use its 
content to good advantage. Many questions 
concerning recent happenings can be used as 
activities in the classroom for a learning 
situation. 

Both the teacher and the student can 
benefit from the General Readings and the 
Special Readings listed in Table VIII 
page 312. 


Courses in Astronomy 


The situation may arise where the teacher 
must return for credits in the area of 
astronomy, although conscientiously persu- 
ing a self-imposed improvement program. 


84R, William Shaw, “Making the Most of 
Astronomy in High School Science,” School Sci- 
ence and Mathematics, XXXXVIII, Deceimber, 
1948, 714. 

85 Robert L. Price, “Astronomical Handbook 
for the Science Teacher,” School Science and 
Mathematics, XXXXV, December, 1945, 834-37. 
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Table XII (in Appendix) lists the astron 
omy courses or related courses offered in 
the colleges and universities of a typical 
state. It would be best to consult college 
catalogues or call or write a near-by college 
for information concerning an astronomy 
course for in-service teachers. 

Difficulty in obtaining such courses is 
mentioned by Crull. 

Relatively few of our colleges offer complet: 
astronomical training and many have no courses 
at all. This is the result not so much of a lack 
of interest but of the physical remoteness of the 
astronomical bodies coupled with an unfortunate 
combination of expensive equipment and negligi 
ble commercial potentialities for monetary return 
which has characterized astronomical research 
in modern times.*¢ 


TABLE III 


ANALYsIS OF TyPpICAL ASTRONOMY 
PROGRAM OFFERINGS 


Program 
seems to be: Number Percentage Total 

Very Adequate 2 7.41 2 
37.05 

Adequate 8 29.64 10 

BarelyAcceptable 6 22.23 16 
62.95 

Inadequate 11 40.72 27 


IV. OPPORTUNITIES AND INCENTIVES FOR 
YOUNG PEOPLE 


Contribution Areas 


Young people must be informed of areas 
in science through which they might con- 
tribute invaluable data to professional as- 
tronomers. In astronomy, one of the most 
active areas is the American Association 
of Variable Star Observers.*7 The data 
needed by the AAVSO can come only from 
amateur astronomers. Stars are assigned 


86 Harry E. Crull, “Astronomy in the Junior 
High School Curriculum,” School Science and 
Mathematics, XXXXIX, May, 1949, 371. 

87 Contact: Margaret W. Mayall, AAVSO 
Director, Brattle Street, Cambridge, Massachu 
setts. 
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to an observer and records will be kept on 
those stars over a period of time. Records 
are maintained and the professional as- 
tronomer can use the cumulative records 
to determine valuable findings which other- 
wise would have been long tedious labor 
with little results and data forthcoming. 
Professional astronomers are able to make 
reliable findings from the high quality and 
high quantity of work done by the amateur 
astronomer. 

Another area of significance would be 
that of meteors. Records of single or group 
observations of a meteor shower or sighting 
of a fireball or any other related body 
should be reported to the American Meteor 


S Hourly counts come from many 


Society.* 
places around the United States and the 
world. Another valuable contribution is 
that of finding any meteorite and noting 
the circumstances and complete data of the 
meteor fall. 

Amateurs have been active in serious 
comet work and in the discovery of comets. 
Comet reports must be carefully studied 
and executed before submission to an ob- 
servatory such as Harvard College Observa- 
tory **“—the clearing house for astronomical 
data for the world. 


Observatory Visits 


An observatory visit should be an ex- 
hilarating experience for a young person. 
Observatories usually hold special sessions 
for the interested public at various times 
throughout the year. Harvard College Ob- 
servatory holds Open Nights *® with six 
sessions, four for adults and two for young 
people. Four speakers give popular type 
lectures and immediately following, tours 
are taken through the observatory. The 

38 Contact: Flower and Cook Observatory, 
Paoli, Pennsylvania (formerly Flower Observa- 
tory, Upper Darby, Pa.). : ; 

39 Harvard University, 60 Garden Street, 
Cambridge 38, Massachusetts. 

40 Interview with Francis W. Wright, Chair- 
man of Open Nights, Harvard University, 
Cambridge, Massachusetts, January, 1955. 
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University of Denver has over the last 
thirty years opened the doors of Chamber- 
lain Observatory *! to thousands of inter- 
ested persons. These are only two of many 
such observatories that take time to be 
interested in people who want to find out 
more about the universe in which they live. 

Observatories in the state of Minnesota 
would include: Goodsell Observatory at 
Carleton College in Northfield, the Uni- 
versity of Minnesota Observatory on the 
main campus in Minneapolis, Darling Ob- 
servatory in Duluth and the Hopkins High 
School Observatory. 


Planetarium Visits 


Planetariums and Science Museums are 
fascinating places for young people. With 
less expensive planetarium instruments 
other than the large Zeiss Planetarium in- 
strument—now available, it is desirable and 
within financial reason for high schools and 
colleges to procure a planetarium instrument 
for school and community use. 

A distinct aid to the teaching of astron 
omy is the projection planetarium instru- 
ment where one projects the stars, sun, 
moon, and planets on the inside of a 
hemispherical dome. Co-ordinates can also 
be projected and the important circles and 
points on the celestial sphere can be shown. 
Angular distances on the sky can be meas- 
ured, and projection of the meridian aids 
in many studies, and sunrise and sunset 
effects are possible. The appearance of the 
sky as seen from the north pole, and from 
the equator, can be shown, as well as for 
any intermediate latitudes to 70° South. 
Constellation study is greatly facilitated with 
an “always clear sky.” 

The Spitz planetarium of the Joliet 
Township High School and Junior Col- 
lege * was a gift of two graduating high 

41 Interview with Professor Albert W. Recht, 
Director, Denver, Colorado, Augnst 4, 1959. 

42 Joliet (Illinois) Township High School, June, 
1952. 
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school classes and was the first instrument 
installed in a high school. The dome, an 
adaptation of a silo dome without the im- 
pressed ribs usually found in the dome sec- 
tions, was the first used for this purpose. 
Special seats having the proper slant are 
in use for the comfort of the viewers during 
a 50 minute lecture. A record player is 
used at the beginning and end of lectures 
for special groups. <A ventilating system 
circulates the air and fresh air can be intro- 
The School 
Board provided the room, dome, seats, fan, 


duced into the 16-foot room. 


player, and the special planet projector, 
cabinet stand and other necessary items. 
Astronomical Societies 


Sky and Telescope, the leading amateur 
astronomer’s magazine, lists the active as- 


tronomical societies and clubs which are 
located throughout the country.** These 


organizations would be of at least three 
types of groups: (1) adult astronomical 
group, (2) junior astronomical group and 
(3) the amateur telescope-makers group. 

Fine programs are planned by these 
groups, either monthly or twice a month, 
with the result usually being a new knowl- 
edge cf astronomy areas in a congenial 
atmosphere. Professional astronomers 
sometimes speak at these organizational 
meetings to supplement the meetings given 
by the amateurs themselves—some of whom 
are quite expert in some areas of astronomy. 
This would be—through the investigator’s 





own experience—an excellent opportunity 


to learn about astronomy from serious 


patrons of the discipline. 


Suggested Preparation for 
Astronomy Career ** 


When a student reaches high school, he 


43 Here and There with Amateurs,” Sky and 
Telescope, April, 1959, pp. 325-28. 

44 Interview with Professor William A. Rense, 
Director, Sommers-Bausch Observatory, Colo- 
rado University, Boulder, Colorado, August 4, 
1959. 
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can begin getting a good background by 
taking mathematics courses at least through 
solid geometry and trigonometry; the sci 
ences would include chemistry and physics. 
It would be well to do constellation study, 
study elementary astronomy and have an 
outside astronomical activity. 

Once in college, a major in either mathe 
matics or physics is advisable. The series 
of college mathematics courses through the 
advanced courses would be taken as well as 
chemistry and all physics courses available. 
In physics, the emphasis should be on optics, 
light, and modern physics. In astronomy, 
descriptive astronomy would be followed 
by a lower level course in observational and 
mathematical 


astronomy. Specialization 


would begin after a course in astrophysics. 


Centrally Located State 
(K-12) Observatory 


The investigator kas had the 
idea in his mind for a number 


following 
of years. 
Why shouldn’t the state or some philan- 
thropic or scientific organization take it 
upon themselves to build a centrally located 
observatory for the serious, able, aggressive 
and advanced high school student? The 
observatory would be centrally located— 
easily accessible to all qualified students in 
the state; reasonably located that observing 
conditions would be in the interest of ob- 
taining good results. 

The purpose of the observatory would be 
to make all kinds of astronomical obser- 
vations free from some of the difficulties 
associated with city or urban’ observing. 
The students could spend week-ends or 
vacations working on an “open-ended” 
astronomical activity of their own choosing 
or one suggested by the director. Shaw has 
found that: 

every activity, with the possible exception 
of star identification, and every object we have 
mentioned [refer to article] are the subjects of 
more refined study and investigation by astrono- 
mers at the present time. The student should 


not feel that he is merely redoing “old stuff” but 
rather that he is beginning a study of things only 
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partially understood and the investigations of 
which might well occupy a life time of effort.*5 

Supplying their own equipment would 
give them a great sense of pride in the work 
accomplished at the observatory. Crull be- 
lieves that “the student profits immensely 
by actual accomplishment on his own 
part.” # 

The greatest benefit derived from such 
a venture would be that of students associ- 
ating with those of different areas and 
schools having the same interests as they 
have. This was the greatest single advan- 
tage of the Science-Mathematics Institute 
as revealed by questionnaire method.* 

Within our advanced civilization it may 
be noticed that it is increasingly difficult 
for the interested amateur astronomical stu- 
dent to find a reasonably clear sky above 
and about him: urban smog and haze prob- 
lems detrimental to other occupations seri- 
ously hamper observation, too; the intense 
light from street light and neon sources in 
the densely populated city areas also oblivi- 
ate accurate observation. Because of this 
unfortunate situation, new concepts and 
plans must be incorporated in these places. 
An observatory on wheels might be just 
the sought-after solution, for it could be 
transported to more sparcely settled sections 
without much trouble. 

The observatory might be housed in, say, 
a second-hand trailer where the roof of the 
trailer could be conveniently lacerated to 
form a space appropriate for the observa- 
tional dome or slide shutter. In addition 
to a generously proportioned space within 
the trailer for the observatory proper 





which would include a_readily-accessible 
rack conveniently located and filled with 
two other  sec- 





atlases and _ references 


45R. William Shaw, “Making the Most of 
Astronomy in High School Science,” School Sci- 
ence and Mathematics, XLVIII, December, 
1948, 722. 

46 Harry E. Crull, “Astronomy in the Junior 
High School Curriculum,” School Science and 
Mathematics, XLVIII, May, 1949, 372. 

47 St. Cloud (Minnesota) State College, In- 
stitute Questionnaire, June 15-July 10, 1959. 
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tions might be planned, one being a combi- 
nation kitchen and darkroom and the other 
being a bunkroom incorporating space for 
a library-study. The observatory itself 
could either utilize a sliding top for its 
shutter or the usual astronomical observa- 
tory hemispherical dome. 

Even though the observations made by 
the observatory on wheels in themselves 
could prove invaluable, interesting experi- 
ments can be accomplished by working in 
conjunction. with stationary observatories. 
Short wave radios could be used in making 
simultaneous observations involving trian- 
gulation, height determination and the like. 

Secause of the problems usually encoun- 
tered when introducing expensive astro- 
nomical visual aid equipment into school 
systems, a plan closely akin to the observa- 
tory on wheels might be considered as a 
county or regional project—the mobile 
planetarium. 

Perhaps utilizing merely the “shell” of 
a new trailer, the greater portion of space 
should be alloted to the planetarium dome 
which necessarily must protrude partially 
above the roof in the rear of the trailer. 
Several arrangements might be provided 
for other valuable assets: centrally located, 
for example, a section could be provided 
for an astronomical museum which would 
have full floor to ceiling sliding doors facing 
the planetarium; and directly behind the 
museum, a storage space for projection 
instruments could be planned to double as 
an area for the showing of related material 
onto a screen hung on the rear wall of the 
trailer beyond the planetarium dome; and 
at the front of the trailer could be located 
a combined bunkroom and study with mod- 


erate kitchen facilities included. 
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TABLE IV 


How Junior High Scuoor Boys AND Grats RANKED SCIENCE 
Topics oF THEIR Own SELECTION" 


Frequency 


oys Girls Total 


Science Topic 3 

Astronomy 51 63 114 
Aviation 56 35 9] 
Inventions 40 30 70 
Biography 27 33 60 
Animals 23 31 54 
Health 18 26 44 
Radio 32 12 44 
Nature 20 21 41 
Plants 14 23 37 
Chemistry 17 19 36 
Electricity 29 7 36 
Travel 24 11 35 
Birds 14 19 33 


Frequency 


Boys Girls Total 


Science Topic 

Industry 13 13 26 
Geography 15 13 28 
Agriculture 18 5 23 
Discovery 10 12 22 
Home Science 8 14 22 
Science questions 8 9 17 
Short science items 9 8 17 
Ocean 3 11 14 
Insects 5 7 12 
Science jokes 4 8 12 
Foods 3 y 12 
Physics 3 8 11 
Miscellaneous 62 61 123 


“Adapted from: Table I—How Junior High School Students Rank Science Topics of Their Own 
Selections and Table II—How Boys and Girls Selected and Ranked Science Topics. Proceedings 


of the NEA: 1928. Washinton, D. C.: National 


Education Association, Vol. LXVI, Hanor A, 


Webb, “The Science Young Folks Want,” pp. 586-89. 


Willson, Robert W. Laboratory Astronomy. 
Boston : Ginn and Co., 1901. A concise laboratory 
manual for formulating a course of observation 
for students and teachers. 

Young, Charles A. Manual of Astronomy (A 
Textbook). Boston: Ginn and Co., 1902. A 
manual and textbook for interested students and 
teachers intended to be an intermediate between 
the author’s Elements of Astronomy and his 
General Astronomy. 


TABLE V 


SuGGESTED ASTRONOMY CONCEPTS AND 
GENERALIZATIONS 
(K-9) 


Astronomy Concepts 
First Grade 

Stars give off light and heat. 

The earth rotates to produce day and night. 

Different kinds of stars can be seen. 

Stars appear to form constellations. 

Stars appear to move through the sky. 

Shadows form when light is cut off. 

The earth is held in place by gravitational 
forces. 

The sun is a source of light and heat. 

The sun makes plants and animals grow. 

The sun’s rays can be used to heat and ignite 
materials 


Second Grade 


The moon appears to have different shapes. 

The moon can be seen during the day because 
it reflects sunlight. 

The sun is a hot body. 


Light from the stars is changed by the earth’s 
atmosphere. 

The earth appears to be round 

The force of gravity keeps us on the earth. 

The sun’s rays heat the earth's surface. 

The sun’s rays cause evaporation of water 
from the earth’s surface. 

The earth is a magnet that attracts a compass. 

Third Grade 

The solar system came from gaseous material 
that condensed into several kinds of bodies. 

The solar system formed about a sun. 

The bodies of tle solar system have gravity 
that keeps each one in space. 

The moon shines because it reflects sunlight. 

There is no water, air or clouds on the moon 

The temperature on the moon is cold 

The moon is made of rock. 

There are craters on the moon. 

Seasons are caused by the revolution of the 
earth about the sun. 

The earth revolves about the sun. 

The earth rotates on its axis. 

The sun is so far away, it requires a whole 
year for the earth to move around it. 

Our sun is a star. 

The earth has a layered structure throughout. 

Gravity pulls objects to the center of the earth. 

Gravity keeps all objects on the surface of the 
-arth, 

Meteors are rock materials that burn up in 
the atmosphere. 

The air contains oxygen and water vapor. 

We need air to live. 

The physical state of matter is changed when 
energy is absorbed or released. 
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Plants grow under optimum conditions of 


food, water, temperature, light. 


Fourth Grade 


Craters on the moon were formed by action 
of volcanic actions and meteorites. 

Stars are arranged by man in constellations. 

Particles of matter such as asteroids, meteors 
and meteorites (?) revolve in orbits around 
the sun. 

Sunspots are caused by physical-chemical dis 
turbances on the sun. 

The solar system moves with the galaxy. 

Several methods are used to determine the 
shape of the earth. 

The earth changes the sun's energy into heat. 


The earth receives a small fraction of the 
sun’s energy. 
Electrical and magnetic energy is used for 


many purposes. 


Fifth Grade 

The sun appears to change its position each 
day and each season. 

When the moon casts a shadow on the earth, 
a solar eclipse occurs. 

Stars are suns which have developed from hot 
gases and molten material. 

The moon originated from material near the 
earth or from the earth itself. 

The earth is warmer and farther away from 
the sun in summer than in winter. 

The seasons vary in the northern and southern 
hemispheres. 

Rainbows are caused by the refraction of light 
waves. 

The atmosphere rotates with the earth. 

Atoms can be changed into energy. 

The splitting of some atoms causes chain reac- 
tion. 

Plants become adjusted to seasonal changes. 


Sixth Grade 

The solar system is a part of the Milky Way. 
(galaxy ) 

Light from the stars travels 186,000 miles per 
second, 

A light-year is the distance light travels in a 
year. 

There are different kinds of galaxies. 

Comets are composed of very small particles 
that reflect light. 

The man-made satellite is a space laboratory 
for studying the characteristics of the earth, 
sun and atmosphere. 

The man-made satellite, which operates by 
electronic instruments, is launched by de- 
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vices that increase its speed to overcome th« 
force of gravity. 

The earth maintains its place in the univers« 
by its centrifugal and gravitational 

Different parts of the atmosphere have diffe: 
ent characteristics. 

The atmosphere has different temperature and 
pressure at different places. 

Air pressure varies with altitude. 

Radiations from the sun cause certain effects 
on man’s cells. 


forces 


Seventh-Ninth Grade 
Sun and planets contain many of the 
chemical elements. 

Every star is believed to have a life span. 

There are different theories for the origin of 
the solar system. 

Meteorites are composed of minerals. 

Meteors disintegrate when they enter the atmos 
phere because they oxidize. 

The astronomer uses different tools to obtain 
truth about the universe. 

Changes in the sun’s atmosphere cause changes 
on the earth. 

The angles of the sun’s rays affect the seasons. 

Bodies in the universe are maintained in their 
orbits as a result of the balance between 
linear and curvilinear motions. 

Comets travel in different kinds of orbits. 

Planets and satellites travel in elliptical orbits. 

The shape of the earth is determined by the 


Sanit 


forces of gravity, arrangement of ocean 
basins and continents and rotation on its 
axis. 


Surface conditions of a planet are determined 
by its mass, distance from the sun, and the 
characteristics of the atmosphere. 

Solar radiations are the result of energy re 
leased by atomic fusion of hydrogen atoms 
and ionization of other atoms. 

Magnitude of stars is directly proportional to 
absolute brightness and inversely propor- 
tional to their distance from the earth. 

Galactic systems are composed of stars, nebulae 
and other bodies held together by gravita- 
tional and other forces. 

Constant creation of nebular bodies occur in 
the universe. 

Matter-energy are 
universe. 

The structure of the earth’s atmosphere affects 
the seasons. 


equivalent forms in the 


Positions of astronomical bodies is determined 
by the use of different mathematical systems. 

Age of the bodies in the universe is determined 
by several methods. 
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TABLE VI 


Sources or AcTIviTIES, EXERCISES AND EXPERIMENTS SUGGESTED 


Author 
Herbert, Don 


Lynde, Carleton J. 
Lynde, Carleton J. 
Lynde, Carleton J. 
New York State 
Department of 


Education 


Swezey, Kenneth M. 
Swezey, Kenneth M. 
UNESCO 


“Suggested by 
Education. 


Ellsworth S. 


ror Use AT THE ELEMENTARY 
Title 
Mr. Wizard's Science Book 
Science Experiments with 
Home Equipment 
Science Experiments with 
Inexpensive Equipment 


Science Experiments with 
Ten-Cent Store Equipment 


The General Science Handbook 
Volumes 1, 2 and 3 


After-Dinner Science 

Science Magic 

UNESCO Sourcebook for 
Science Teaching 


TABLE VII 


RECENT ASTRONOMICAL ARTICLES IN THE GRAD! 


Author 

3ranley, Franklyn 
Branley, Franklyn 
Branley, Franklyn 
Branley, Franklyn 
Branley, Franklyn 
Branley, Franklyn 
Coffin, Florence 
Harmon, M. 
Heidinger, Thelma 

Hungar, Eleanor 
Hoffman, Hazel W. 


Joseph, Alexander 
Joseph, Alexander 
Kendrick, M. F. 
Korey, R. A. 


Larcombe, M. 
Posso, M. E. 
Littleton, Clemie 
Maceiko, Andrew 
Meredith, Margaret 


Mitchener, H. 
Moss, Emily 


Russell, John 
Schneider, Herman 
Schneider, Herman 
Spiers, G. O. 

Utley, C. 

Willams, B. M. 


* GT—Grade Teacher. 


» [—Instructor. 


Title 
Artificial Satellites 
Mars 
Moon, The 
Satellites 
Solar Energy 
Sun, The 
Astronomy 
Science for Fun 
We Study Space 


Sun, Moon and Earth on 
the Flannelgraph 
Elementary Astronomy 
Projects in Astronomy 
Our Astronomy Club 
Making a Planetarium ; 
a unit on the sky 
Two Units on Astronomy 


First Graders Study Space 
Our Nearing Solar System 
Fifth Graders Look at Outer 
Space 
Unit on the Sky 
Fourth Graders Look at 
the Solar System 
Space 
Space, Stars, Science 
A Satellite Primer 
Stargazing with a Purpose 
We Study the Skies 
Star Gazing 


ScHoo. Lever! 


Publisher 
Popular Mechanics 


International Textbook Co 


International Textbook Co. 


International Textbook Co. 


Obtain from: 
Mr. Hugh Templeton 
Supervisor of Science 
Albany, New York 
McGraw-Hill 
McGraw-Hill 
UNESCO (Paris) 
(Also Doubleday ) 


Obourn, Senior Specialist in Science, United States 


TEACHER AND THE INSTRUCTOR 


GT" 
or I” Month Year 
GT October 1957 
GT January 1957 
GT February 1958 
GT May 1955 
GT December 1957 
GT May 1958 
GT January 1956 
GT February 1952 
GT February 1955 
GT April 1955 
GT May 1950 
GT November 1951 
GT December 1946 
GT December 1952 
I February 1953 

I February 1957 
GT September 1957 
I September 1955 
GT December 1946 
GT February 1957 
GT June 1956 
I February 1957 

I June 1959 

I March 1955 
GT December 1953 
I April 1951 
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Date 
1953 


1937 


1939 


1941 


1948 
1953 


1956 


Othce ot 


16 
50 
46 
49 
45 


26 
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Area 


Recent 
Textbooks 


Teaching 
Aids 


Observing 


Aids 


Observing 


Aids 


General 
Reading 


Magazines 


Special 
Reading 


Author 
Baker 
Baker 


Duncan 
Fath 


Krogdahl 

Mehlin 
Payne-Gaposhkin 
Skilling and Richardson 
Struve 


3eet 
Smith 


McKready 
(For Current Year) 


Sidgwick 


Sidgwick 


Alter and Clemenshaw 
Baker 

de Vaucouleurs 

Skilling and Richardson 
Zim and Baker 


Abetti 

de Vaucouleurs 
Ellison 

Gamow 

King 

Jones 

Moore 

Selwyn 

Wilkins and Moore 
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TABLE VIII 
Astronomy Book List 
Title 
Astronomy (7th Edition) 
Introduction to Astronomy 
(5th Edition ) 
Astronomy (5th Edition) 
Elements of Astronomy 
(5th Edition) 
The Astronomical Universe 
Astronomy 
Introduction to Astronomy 
A Brief Text in Astronomy 
Elementary Astronomy 


Teaching Astronomy in Schools 
Teaching a Unit in Astronomy, 
Grades 1-9 


A Beginner’s Star Book 
The Observer’s Handbook 


Observational Astronomy 
for Amateurs 
Introducing Astronomy 


Pictorial Astronomy 
When the Stars Come Out 
Discovery of the Universe 
Sun, Moon and Stars 
Stars 


Sky and Telescope 


Scientific American 


The Sun 
The Planet Mars 
The Sun and Its Influence 
Matter, Earth and Sky 
The History of the Telescope 
Life on Other Worlds 

( Paper cover ) 
The Planet Venus 
Photography in Astronomy 
The Moon 
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Publisher 
Van Nostrand 
Van Nostrand 


Harper 
McGraw-Hill 


Macmillan 

Wiley 
Prentice-Hall 
Henry Holt 
Oxford Univ. Press 


Cambridge Univ. Press 
Vantage Press 


Putnam 

The Royal Astronomical 
Society of Canada, 
252 College Street 
Toronto 2B, Ontario 


Macmillan 


Macmillan 


Crowell 

Viking 

Macmillan 
McGraw-Hill 
Simon and Schuster 


Sky Publishing Corp. 
Cambridge 38, Mass. 
Newsstand 


Macmillan 
Macmillan 
Macmillan 
Prentice-Hall 

Sky Publishing Corp. 
Mentor Books 


Macmillan 
Eastman Kodak Co. 
Macmillan 
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TECHNIQUES FOR DEVELOPING METHODS OF 
SCIENTIFIC INQUIRY IN CHILDREN 
IN GRADES ONE THROUGH SIX * + 


LoutsE A. 


Colorado State College, 


INTRODUCTION TO THE STUDY 
. tgs primary purpose of science educa- 
tion for children is to develop the 
abilities of the individual to solve the prob- 
lems that confront him. To do this he must 
have a scientific attitude, an understanding 
of the methods of scientifiic inquiry, and 
a background of knowledge upon which to 
base his thinking. 

The acceptance of the above goal implies 
the development of intelligent behavior 
which will help the child to adjust to a dy- 
namic, and economic 


scientific, social, 


world. It also implies that an instructional 


program will develop those personality 
traits in the individual which are necessary 
for making desirable adjustments to vari- 
ous social groups. Further, it implies that 
functional understandings and abilities are 
necessary for an individual’s adjustment to 
democratic living. Such a viewpoint neces- 
sarily recognizes the establishment of so- 
cially desirable traits, habits, interests, and 
It also 


implies recognition and encouragement of 


attitudes as outcomes of education. 


the attitudes as well as the creative and im- 
Science educa- 

the 
grades of a child’s education concern itself 


aginative aspects of life. 


therefore, should in first six 


with helping an individual to live more ef- 
fectively in his environment. In order to 
assist him in understanding and interpret- 
ing his world of science an individual needs : 


* Based on research study submitted in partial 
fulfillment of the requirements for the degree of 
Doctor of Education at Colorado State College, 
1957. 

+ Paper presented at the Thirty-Third Annual 
Meeting of the National Association for Re- 
search in Science Teaching, Hotel Sherman, Chi- 
cago, Illinois, February 12, 1960. 


2 


3d 


13 


NEAL 


Greeley, Colorado 


a. A clear understanding of the basic elemen- 
tary science concepts and meanings which he 
can apply in his everyday life. 

b. Guidance in developing habitual use of the 
methods of scientific inquiry. 

c. To use accurate meanings and methods that 
will enable him to maintain his freedom in 
making choices in alternate courses of action 
and thought which may be open to him. 


Teachers constantly modify the methods 
which they use to teach the concepts and 
principles of science, scientific attitudes and 
scientific inquiry as they learn more and 


more about each child with whom they 


work. The content of science is also 
modified as children’s needs and interests 
change, and as the environmental con- 


dition changes scientifically and_ socially. 


Pupils must be taught how to use scientific 
knowledge to understand their environment, 
which is constantly changing, and to discard 
those concepts and principles which are 
proved to be faulty for better ones. 

On the basis of these statements the sci- 


ence teacher is obligated: 


a. To organize experiences so that boys and 
girls are able to develop scientifiic attitudes 
and methods of work that influence their 
learning and thinking in activities of living 
Consistent with this is the problem of the 
evaluation of the attainment of these desir 
able objectives by pupils. 

b. To help children interpret the 
which they live through well-developed and 
well-taught units about 
concepts and children’s problems, involving 
many fields of The instructional 
program must be constantly modified to in- 


world in 


organized science 


science. 


sure a modern interpretation based on recent 
discoveries in science. 

c. To provide activities that will help the child 
understand himself and his environment. 

d. To help children apply methods of scien- 
tific inquiry in relation to problem 
so that they understand its significance in 
science and human endeavor. 

e. To help each child recognize the possibilities 


each 
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for applying desirable attitudes in his every- 
day living. 

f. To aid the child to understand the social 
importance of the problems he studies be- 
cause this determines, to some extent, the 
significance of the scientific concepts and 
principles which he learns. 


PURPOSE OF THE STUDY 


The purpose of this investigation was to 
ascertain specific procedures that aid chil- 
dren in developing the ability to use meth- 
ods of scientific inquiry in grades one 
through six in the Laboratory School of 
Colorado State College, Greeley, Colorado. 

The primary problems of the study 
were: (1) To develop and select illustra- 
tive teaching techniques or procedures 
which may be used effectively by the 
teacher in grades one through six to pro- 
mote growth in the ability to use the meth- 
ods of scientific inquiry; (2) to determine 
the elements of problem solving which are 
specific objectives of education; (3) to 
evaluate the effectiveness of the teaching 
techniques or procedures through a study 
of children’s responses; and (4) to ob- 
serve and describe the kinds of overt be- 
haviors which might justifiably be associ- 
ated with the ability to use the methods of 
scientific inquiry. 

The following five methods of scientific 
(1) Identifying 
and stating problems; (2) selecting per- 


inquiry were selected: 


tinent and adequate data; (3) formu- 
lating and evaluating a hypothesis; (4) 
generalizing and forming a conclusion ; and 
(5) applying concepts or seeing relation- 
ships. 


METHODS EMPLOYED IN THE STUDY 


The study presents a descriptive analysis 
of the development of specific teaching and 
learning teehniques which will help chil- 
dren in developing the ability to use the 
methods of scientific inquiry. The learn- 
ing procedures which cause children to be- 
come independent in furthering their own 
learning, help to develop creativity, provide 
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for democratic living, keep children up to 
date or in tune with their world, and pro- 
vide a classroom atmosphere where chil 
dren explore knowledge in relation to self 
and to one another. These learning pro 
cedures should become a part of an educa 
tional program. The study is concerned 
-with the larger problem of how to educate 
individuals so that they will assume respon 

sibility for competent citizenship for which 
methods of scientific inquiry are essential. 

A series of sixty-one techinques were de 
veloped to promote growth in the ability 
to use the five methods of scientific inquiry 
in pupils in grades one through six. The 
techniques applicable for teaching the meth- 
ods of scientific inquiry were modified and 
refined during a four-year period. Of 
the sixty-one techniques selected for the 
study, twelve described learning activities 
for identifying and stating problems, thir- 
teen for gathering data, twelve for form- 
ing and checking a hypothesis, twelve for 
forming a conclusion, and twelve for ap- 
plying concepts, generalizations, and meth- 
ods of scientific inquiry. 

Four methods were used to evaluate the 
pertinency and adequacy of the techniques. 
One hundred forty-six anecdotal records 
of children’s overt behaviors in their sci- 
ence classes were selected from several 
hundred written by college student observ- 
ers. The student observers selected were 
qualified on the basis of their scholarship 
in science education courses and because 
of their ability to recognize the methods 
of scientific inquiry used by children. 
Parts of paragraphs from ancedotal records 
were selected that described statements of 
problems, sources for collecting data, state- 
ments of hypotheses, ways of verifying 
conclusions, and techniques for applymg 
learning. 

A total of fifty-six representative ex- 
amples from fifty children’s record books 
in grades four, five, and six were selected 
to give evidence of their ability to use meth- 
ods of scientific inquiry. The fifty record 





m 


ap- 
>th- 


the 
ues. 
yrds 
sci- 
eral 
erv- 
vere 
ship 
use 
10ds 
ren. 
ords 
s of 
tate- 
ying 


ymg 


ex- 
ooks 
acted 
neth- 
cord 





OctToserR, 1961] 


books included voluntary statements of 


problems, plans for solving problems, 
analyses of data, generalizations, and ap- 
plications of learning. 

Records of the children’s creative work 
were obtained and examined to determine 
what accomplishments each pupil had con- 
tributed to each of the five methods of sci- 
entific inquiry. The creative work con- 
sisted of demonstrations, exhibits, other 
visual materials, and pupil constructed 
evaluation forms to measure achievement 
in the use of the methods of scientific in- 
quiry. 

Objective tests Forms I and II entitled 
“How Does It Happen?” were developed. 
These three 
times to the same pupils enrolled in grades 


Forms were administered 
four, five, and six. The same objective 
forms were administered three times to a 
second group of individuals enrolled con- 
tinuously in grades five and six. 


DESCRIPTIONS OF TECHNIQUES 


The techniques used for teaching the 
selected methods of scientific inquiry may 
be broadly described as developmental 
activities which include the overview of 
problems, demonstration of concepts, ex- 
ploratory excursions, selected reading, ex- 
perimentation, observation of objects, speci- 
mens, events and processes, discussions for 
the organization of ideas, and determina- 
tion of criteria for evaluation of activities. 
Each of the techniques was organized and 
modified to develop the elements involved 
in the methods of scientific inquiry. 

Techniques Used for Developing the 
Ability to Recognize and State Problems. 
Many varied experiences can be provided 
for feveloping the ability to recognize and 
state a problem. Children can be guided 
to observe the action in a problematic sit- 
uation. Demonstrations can be used that 
show action such as the alignment of iron 
crystals about the poles of a magnet, the 
movement of a galvanometer needle when 
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vw 
Jt 


attached to a dry cell, the way that seeds 
sprout, and the movement of the moon 
across the sky. Experiences such as these 
help children to raise and state problems: 
Why do the iron crystals become arranged 
as they do about a magnet? How do seeds 
sprout? Why does the moon seem to 
move ? 

Another desirable technique is to use 
current happenings reported through mass 
media. For example, children are curious 
about satellites and will inquire, What is 
it that man wants to know about the moon? 
How can man reach the moon? What new 
information is man learning about the at- 
mosphere? What is the purpose of the 
International Geophysical Year? How do 
scientists find out all of this information? 

Short walks and field trips are especially 
applicable for stimulating pupils to observe 
phenomena which serve as a basis for prob- 
lem identification. Typical questions which 
may emerge from such excursions might 
be: How does a hornet make its nest? 
How do ants build their homes? Why 
do leaves change color? How do butter- 
flies grow? 
eggs? 

Visual 


charts, bulletin boards, specimens and other 


How do frogs develop from 


materials, such as _ pictures, 
concrete materials may be used to help 
children to identify problems of interest 
to them. A child in the first grade who 
brings his small electric train to school will 
enable the members of his class to raise 
questions such as: Why does the train 
move so fast? What makes the engine go? 
How do you work the switch? Children 
bring rock specimens which may be used 
to raise questions such as the following: 
Why are 
the rocks so smooth? Why do some rocks 
Where do 


come from? How can we find out what 


What makes the color in rocks? 


have sharp points? rocks 
kind of a rock it is? 
Questioning children about the areas 


or problems they want to study is a pro- 


- 
oo”, 
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cedure for utilizing their interest. In re- 
sponse to this procedure, a child in the 
sixth grade said, “I have been interested 
in astronomy for a long time and | want 
to know what they mean when they say, 
universe.” A child in the fourth grade 
responded with, “Why do the scientists 
think there is life on Mars? I heard them 
talk about Mars over the radio.” 

Other techniques which aid in develop- 
ing the questioning attitude are: Demon- 
strations showing effects of gravity, the 
chemicals needed for plant growth, work- 
ing models of machines and volcanoes, the 
work of magnets, and many others direct 
the child’s observation to the key situations 
or elements that can be used as a basis for 
stating problems. 

The natural curiosity of children often 
causes them to raise excellent questions 
from which problems are created for study. 
The tendency to question may be mani- 
fested in many ways but a representative 
example is a problem defined by one pupil: 
When you bite into an apple you find 
many small seeds. How do seeds form in 
apples? Natural phenomena are excellent 
Children 
are keenly alert to happenings that differ 


bases for problem identification. 


from the usual. As a result of direct ob- 


servations and experiences pupils may 


raise such questions as, What causes thun- 
What 


What is a rainbow? 


der and lightning? is a tornado? 
How does hail form? 
Why do we find sea shells on the plains? 
Situations in the environment or in daily 


What do cold 
Why is fluoridation of 


life cause children to ask: 
shots do for me? 
water necessary? How do bacteria get into 
milk ? 

Techiques Used for Developing the Abil- 
ity to Select Pertinent and Adequate Data. 
The learner in his quest for information 
may obtain an adequate or an insufficient 
amount of data which should be evaluated 
in terms of the problem. In the process of 
obtaining data, children should be guided 
to recall pertinent data secured from ex- 
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perience ; select the methods most effective 
for securing meanings; obtain data from 
as many direct, primary sources as pos 
sible; select relevant concepts ; differentiate 
between facts, theories, and assumptions. 
The use of captions and questions ar- 
ranged about the classroom, charts, demon 
strations, and experiments will lead chil- 
dren to discover information, such as: 
How can you find out what rock this is? 
How does the electric game work? How 
does the plant or animal develop? 
Scientific tools which children can use 
should be available for them, to see ob- 
jects and materials which cannot be seen 
with the unaided eye. The use of models 
when actual materials are not available is 
helpful. Demonstrations, experiments, and 
observations are essential aids for obtaining 
direct evidence. Observational techniques 
may include the use of the microscope; 
the use of films, pictures, charts, and vari- 
ous natural habitats; the recognition of 
characteristics of plants, animals, their life 
cycles, and the ecological relationships of 
living organisms. 
Used for Developing the 
Ability to Formulate and Evaluate Hy- 
potheses. Certain techniques are applicable 


Techniques 


for providing children with experiences for 
developing the ability to formulate and 
evaluate hypotheses. The process involves 
the application of scientific attitudes and 
methods of scientific’ inquiry. To illus- 
trate the manner in which children have 
experienced the process of formulating a 
hypothesis an example is given of an ac- 
tivity in which primary children placed 
a sea shell against their ears and offered 
varying explanations for the sound which 
think that it 
because the sea shell has been in the sea a 


they heard. “I is the sea 


long time.”” “TI think it is air. There is air in 
the sea.” “Since you can hear the same 
thing when you put your hand over your 
ear, I think it is caused by the vibrations 


, 


of air around us.” “I think it is caused 


by the air molecules hitting the sides of 
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the shell.” Each of these responses may 
be checked for the correct statement of the 
concept. Experiences should be those in- 
volved in selecting and synthesizing per- 
tinent data and evaluating data in relation 
to the problem. Questions which guide the 
learning include some of the following: 
Does the information help to answer your 
problem? What do the facts mean? What 
is the basis for believing that your conclu- 
sion is correct? What can you do to 
check your information or your answer? 
What will you need to do if you find that 
your first answer is incorrect? 

In writing a tentative conclusion children 
can be guided to evaluate it in terms of 
the following criteria: Is the tentative 
statement based on the facts which you 
have collected? Does it go beyond the 
facts? What assumptions are basic to the 
acceptance of the statement? 

Hypotheses may also be evaluated by 
checking with an authority or an authorita- 
tive reference, by logical reasoning, trying 
out the demonstration again, using related 
films or other materials, and interviewing 
a qualified person. The technique of using 
an assumption guides pupils in checking 
hypotheses. For example, a class had 
learned that Meteor Crater had been caused 
by a large meteorite and that meteorites 
reach the earth’s surface daily. When the 
moon’s surface was studied they learned 
that its markings are called craters, where- 
upon one child asked, “Was the moon’s 
surface condition caused by meteorites?” 
Several children said, “Yes,” which im- 
plied the assumption that the moon’s sur- 
face had been changed by bombarding 
meteorites. Another child proposed, “Let’s 
find out what the answer is.” 

Techniques Used for Developing the 
Ability to Form a Conclusion or a Concept. 
Techniques should be used that give pupils 
the opportunity to base conclusions on ade- 
quate and correct data, to observe dif- 
ferences and similarities among the data, 
and to see the related variations suggested 
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by the information. Problem sheets main- 
tained by children provide the opportunity 
for them to record data. For example, 
a child in the third grade had recorded 
the following: 

My problem: What causes objects to 
be pulled to the earth? 

When I bounce a ball it falls to the ground 
again. 

When I drop something it falls to the ground. 

When I lose my balance I fall to the ground. 

I have read that the earth pulls everything 
to the ground. 

This pull is gravity. 

Children can create How Does It Hap- 
pen? problems from events occurring in 
their environment. An example of one 
given by a child: 

The snow and ice on the front steps had melted 
when I came to school this morning. How did 
it happen? 

The answer requires the statement of facts 
that will lead to the recognition of a con- 
cept, sometimes called a generalization. 

Pupil-developed experiments and dem- 
onstrations can be conducted to develop 
and explain a concept which is the con- 
clusion. These activities can be used to 
guide children to differentiate between a 
conclusion and the interpretation of a con- 
clusion. A child used a magnifying glass 
to concentrate the sun’s rays on a piece of 
paper, causing it to burn. To help the 
children to form a conclusion, they were 
asked, “What do you see happening?” 
After the answer to the question was given, 
it was followed by: “Why does the paper 
burn?” To differentiate between the two 
answers, they were asked to tell the dif- 
ference between the two questions. They 
answered, “The first asks What, and the 
second asks Why.” They were thus led to 
see that the first answer is a conclusion and 
the second is an interpretation of the con- 
clusion. 

Techniques Used for Developing the 
Ability to Apply Concepts or See Rela- 
tionships. Varied techniques are available 
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for the application of concepts, principles, 
methods of scientific inquiry, and scientific 
attitudes. used 
to guide the learner’s analysis of the con- 


Advertisements may be 


tent, the principles, factual data, and 
methods employed to modify a _ reader’s 
behavior. The construction of habitats 


which explain ecological principles that 
enable plants and animals to live together 
offers opportunities for the application of 
concepts and meanings. Children can con- 
struct science kits that contain materials 
for weather 
changes, demonstrating how magnets work, 
making crystals, and many 


testing rocks, measuring 
other activities. 
The child’s understanding of a concept in 
each situation determines to some degree 
what he places and arranges in each kit. 

Children may be given materials to de- 
velop and perform an experiment to ob- 
serve how well all conditions are kept 
under 


control the experimental 


Application of concepts can be 


except 
factor. 
accomplished through logical reasoning by 
presenting a group of examples that can 
be explained by a generalization. Miscon- 
ceptions and superstitions sometimes be- 
lieved by persons can be used to provide 
practice in the application of facts and con- 
cepts. The misconception “dew falls” can 
be corrected by the application of con- 
cepts. 

RESULTS 


AND CONCLUSIONS 


The effectiveness of the techniques for 
developing the ability of pupils to use meth- 
ods of scientific inquiry was evaluated in 
(1) Anecdotal records; (2) 
children’s individual written records; (3) 
objective 


four ways: 


creative expression; and (4) 
The from these 
indicate that children from grades one 
(1) Identify and state 
problems; (2) formulate plans to collect 


testing. data sources 


through six can: 


and evaluate data from a number of sources ; 
(3) formulate hypotheses; (4) formulate 
conclusions or concepts; and (5) apply 
concepts and methods to new situations. 
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The degree to which children can us 
methods of scientific inquiry is a revealing 
result of this study. 

The results of the objective tests, Forms 
I and II, “How Does It Happen?”, indi 
cated that from grades four through six a 
consistent pattern of growth was mani 
fested in each of the five elements of sci 
entific inquiry. The greatest growth as 
shown by percentage scores occurred be 
tween grades four and five. A comparison 
was made between the scores obtained on 
the first and the third administrations of 
these objective forms, and it was found 
that the differences were statistically sig 
nificant at the 5 per cent level of confi- 
dence. Since all the t ratios exceeded the 
2.042 necessary to be significant at the 5 
per cent level of confidence, the null hy- 
pothesis was rejected. Therefore the dif- 
ferences between percentages obtained in 
the two forms of the test are not attribut- 
able to chance error but are true differ- 
ences. 

The study indicated that children’s in- 
terests in science education were developed 
as a result of the direct approach of teach- 
ing the methods of scientific inquiry. When 
children had developed the necessary skills 
for organizing their plans and conducting 
research on worthwhile problems, had been 
given freedom to pursue their learning un- 
der guidance, and had established their 
goals for self evaluation, exceptional inter- 
est was manifested. As a result of the 
competence gained through the use of the 
methods, children acquired confidence in 
self and assumed responsibility for their 
own learning. 

The investigation revealed certain abil- 
ities, basic to development of intellectual 
maturity, which may be expected of chil- 
dren at each grade level. Pupils of all 
ages and grade levels developed the ability 
to use methods of scientific inquiry though 
some to a higher degree than others. Con- 
sequently, the use of the methods as a 
basis for learning provided for individual’ 
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differences, so that each pupil might learn 


and share his findings in a democratic way. 


Some general conclusions of the study 


further substantiate conclusions drawn by 


other investigators: 


= 


. There is general agreement that the objec- 


tives of education involve methods of sci- 
entific inquiry, and a functional understand- 
ing of basic meanings and attitudes are 
a part of scientific inquiry. Also, that the 
objectives can be achieved when the chil- 
dren’s activities for learning are planned 
with the express purpose of reaching these 
goals. 


. There are many methods which may be em- 


ployed in making scientifiic inquiries. 


. Practice in the use of the methods must be 


given in a wide variety of situations if a 
pupil is to develop ability to use these meth- 
ods in solving the many types of problems 
he meets. 


. Children learn better when motivated by 


the selection of functional problems. 


. Attitudes, as defined by scientists, are better 


learned when taught concomitantly with 
problem solving. 

Children improve their ability to form hy- 
potheses, to generalize, and apply data when 
learning activities provide for their attain- 
ment, 


. The objectives of science education are bet- 


ter realized through techniques such as dem- 
onstrations, experiments, certain develop- 
mental processes involving pupil-selected 
problems requiring reading, discussion, and 
special techniques of observation rather than 
with the traditional textbook method alone. 


. Many factors other than method influence 


the results of instruction. 

Training in the development of abilities for 
using methods of scientific inquiry or criti- 
ical thinking should begin at an early age. 


IMPLICATIONS 


Certain observable behaviors, though not 
expressly stated, can be inferred from the 


study of elementary school children. These 


observable behaviors noted in the class- 


room are stated as implications and cited 


below: 


a. 


b. 


Children develop creative abilities through 
the use of the methods of scientific inquiry. 
Pupils in grades one through six can use 
problem sheets to direct and define goals for 
learning. 


. Pupils voluntarily use a variety of resource 


materials and create many demonstrations 
and observation exercises. They devise and 


72 
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demonstrate concepts and methods that in- 
dicate learning on a high level of attain- 
ment. 


. Children of one grade can work on common 


problems with pupils of other grades because 
younger children can do certain parts while 
older children can be responsible for more 
difficult aspects of the problems. Through 
the use of the methods of scientific inquiry 
children learn how to work cooperatively 
and helpfully with others 


. The use of the methods of scientific inquiry 


challenges and motivates the slow learner as 
as well as the gifted and superior student 
to perform activities beyond that which is 
expected. The scientific methods recognize 
and provide for the gifted pupil who should 
be guided to develop his abilities. 

Pupils identify behaviors and procedures 
which promote the methods of scientific in- 
quiry. 


. Ability to use the methods of scientific in- 


quiry motivates pupils to apply procedures 
to other areas of learning because they 
possess the skills to locate data, evaluate 
sources of data, form hypotheses, and ap- 
ply scientific information to the solution of 
problems studied in content subjects. 


. Children tend to be much more self-direc- 


tive after they have been taught the skills 
and techniques for solving problems. 
Educators can use the technique described 
in this study for achieving the objectives of 
science education in the elementary school. 
The plan of the study and the findings may 
prove of value to educators who are endeay- 
oring to find ways of improving science in- 
struction in the elementary school and those 
interested in improving the total curriculum 
and instructional program of the elemen- 
tary school. 


RECOM MENDATIONS FOR FURTHER STUDY 


This study has established a basis for 


both 
tions. 


subjective and objective investiga- 


Several problems related to the de- 


velopment of methods of scientific inquiry 


worthy of study are enumerated: 


a. 


d. 


Identify techniques, under controlled condi- 
tions, which can be used at different grade 
levels to develop skills for using scientific 
inquiry. 

Identify ways in which children tend to 
transfer into the home and the community 
the habits, skills, and meanings developed 
as a result of their science experiences. 


. Devise reliable evaluation instruments and 


techniques for measuring skills in using 
methods of scientific inquiry. 
Investigate the responses of pupils in many 
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elementary schools or a school system to 
determine whether similar techniques mo- 
tivate pupils to reach the goals of education. 

e. Use the techniques suggested by this inves- 
tigation to compile continuous and reliable 
information to be used in a guidance pro- 
gram and for making comprehensive reports 
to parents. 


[Vor. 45, No. 4 


f. Apply the techniques used in this study to 
organize a developmental program of gen- 
eral education in science, for the kinder- 
garten through the fourteenth year. 

g. Determine to what extent children can con 
duct independent research which lead and 
motivate them into the study of the frontiers 
of knowledge. 


THE MEASUREMENT OF SCIENCE INTERESTS: AN OPERA- 
TIONAL AND MULTIDIMENSIONAL APPROACH ' 


WiLLiAmM W. COooLey 
Harvard University, Cambridge, Massachusetts 
AND 
Horace B. REEp, JR. 


Skidmore College, Saratoga Springs, New York 


HE major purpose of this article is to 
, prone the Reed Science Activity 
Inventory,-a new instrument being de- 
veloped to measure science interest by 
determining the voluntary activities in 
which the student engages. Below are 
presented the logical validity of this ap- 
proach to assessing science interests and a 
short delineation of the current form of 
the instrument. This is followed by a 
report of a factor analysis of the seventy 
items in the Inventory; this analysis serves 
to refine the concept 


“science interest’’ at 
least for junior high school boys, and points 
the way for future development of the In- 
ventory. A concluding section draws 
further implications of the factor analysis 
and, on the basis of work already in prog- 
ress, offers suggestions for the instrument’s 
potential utility in education and guidance. 


MEASURING INTERESTS THROUGH 
VOLUNTARY ACTIVITIES 


Logical Validation 


An examination of current interest in- 


1 Portions of the research reported herein were 
performed pursuant to a contract with the U. S. 
Office of Education, Dept. of Health, Education 
and Welfare. This work was done in part at 
the MIT Computation Center, Cambridge, Mass. 


ventories and of the literature on the nature, 
origins, and measurement of interests 
(Fryer, 1931; Strong, 1943; Carter, 1944; 
Darley and Hagenah, 1955; Super, 1957) 
supports the conclusion that current interest 
measurement is largely a matter of obtain- 
ing a quantitative score based on a respond- 
ent’s subjective statements of likes and dis- 
likes. 

An alternative technique of measuring 
interest, and perhaps a more valid one, is 
to obtain a score based upon the respond- 
ent’s statements concerning his degree of 
actual participation in selected activities. 
As regards the validity of this approach, 
Lewin’s (1935) comment on interest is 
pertinent : 

Dynamically considered, the structure of the 
situation in which a child turns toward an occupa- 
tion (e.g., playing with a doll) because of interest 
in the occupation or task itself is relatively simple. 
The situation is dominated by an attraction, or in 
our terms, by a positive valence. . . . There exists 
a psychical field force, a vector, proceeding from 
the child in the direction of the activity of playing 
with the doll. If this attraction is strong enough 
relative to the other psychical forces existing in 
the situation, an action of the child in this di- 
rection will occur (pp. 118-9). 

Lewin’s reference to “an action of the child” 
underlines the emphasis that should be put 


on the operational level of voluntary par- 
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ticipation, in contrast to the verbal level of 
subjective statements concerning what one 
might be or do. 

Ewens (1956b) has demonstrated that the 
correlation between respondent’s science 
activities and their verbal statements of 
preference is rather low (r=.42).' This 
suggests that these two methods of measur- 
ing interest may not be of similar validity. 
It may clarify matters to distinguish be- 
tween interest measurement which aims at 
disclosing present “interest in the occu- 
pation or task itself,” and interest measure- 
ment which is designed to predict future 
choices. It is undoubtedly true that an 
individual’s subjective statement of a 
preference provides clues to his future de- 
cisions, even though there may be little 
manifest interest prior to the decision. For 
example, when an individual makes strong 
positive statements of preference for science 
but indicates only moderate present partici- 
pation in science activities, the individual’s 
preference may indicate a concern for such 
extrinsic rewards as status and idolatry. 
This does not mean that in later years this 
individual will not participate in science for 
intrinsic reasons; it does mean that his 
present interest is weak regardless of his 
statement of preferences. The pragmatic 
maxim that one should judge a man more 
by what he does than by what he says 
would support the argument favoring 
voluntary actjvities as the more valid meas- 
ure of present interest. 


A Description of the Reed Science 
Activity Inventory 


The current form of the Inventory is 
composed of 70 science activity items, with 
an accompanying six-point frequency scale 
for each item. The vocabulary and selection 
of activities is designed for respondents in 


1 Ewens has developed several interest scales 
based upon adaptations of the Kuder scales, with 
the items changed from preferences to activities. 
The fact that the activities are not necessarily 
voluntary and that no time span is stipulated tends 
to reduce the logical validity of these scales 
(Ewens, 1956a). 
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grades 7-10, although it can be adapted to 
other levels. The instructions stress that 
only voluntary science activities, performed 
during the past year, are to be reported. 
The possible score range of the Inventory 
is 0-350; scores from 1045 ninth grade 
boys and girls indicate that this range and 
the selection of items provides a high ceil- 
ing. Administering and completing the 
Inventory requires about 15 minutes, and 
scoring is relatively simple. 

In the composition and selection of the 
items, an attempt was made to reduce what 
logically appeared to be bias attributable 
to economic and geographic factors. Items 
that are consonant with the feminine as 
well as the masculine role in our culture 
were intentionally included. The words 
used in the items were checked against the 
word list of Thorndike and Lorge (1944), 
to lessen possible confusion of respondents. 
The findings from two pilot studies elimi- 
nated other shortcomings in the wording 
and in instructions for administration. 
Respondents are instructed to circle the 
appropriate symbol for each item, indicating 
how often the activity has been done volun- 
tarily during the past year, because of the 
respondent’s interest in the activity. Table 
I lists a few illustrative items.” The factors 
referred to in the table are discussed below. 


The Reliability of the Inventory 


Using a split-half reliability technique, 
the 70 items of the Inventory were logically 
divided into two equivalent half-tests 
(Cronback, 1949). The responses of 1045 
ninth grade pupils were used for ccrrelating 
the split-halves scores. When corrected by 
the Spearman-Brown formula a reliability 
coefficient of .97 for the whole scale was 
obtained. This reliability check was done 
prior to the factor analysis. Reliability of 
the sub-scales of science interest resulting 
from that analysis has not yet been estab- 
lished. 

2A sample of the Inventory can be obtained 


from H. Reed, Department of Education, Skid- 
more College, Saratoga Springs, New York. 
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TABLE I 


ILLUSTRATIVE ITEMS 


Things I Have Done This 
Factor Year Because I am Interested 
I 52. Spent extra time on the science 
homework, because I like it. 


II 38. Observed and studied wild animal 
and bird life, because I like to. 


III 46. Repaired electric lamps and 
cords, because I like to. 


IV 34. Thought about problems like 
how the earth, the sun, the 
stars, or life came to be. 


V_ 28. Volunteered to answer questions 
in science class because I am 
interested in the topics. 


VI 37. Tried to find out about how science 
can help in raising children. 


FACTOR ANALYSIS OF THE ACTIVITIES 


Experience with the Inventory in a 
teacher competence investigation, (Reed, 
1959) and in the study of the career de- 
velopment of scientists (Cooley, 1958) 
convinced us of the possibility that the total 
score was a composite of several independ- 
ent dimensions of science interest. It was 
decided, therefore, to factor analyze the 70 
items for the 584 male ninth graders in 
the teacher competence study. It was felt 
that the results would not only improve 
our understanding of the dimensionality of 
science interests for junior high school boys, 
but also would be the logical next step 
toward the development of a more refined 
instrument for measuring science interests. 


Type of Analysis Performed 


Investigators today have several alterna- 
tive procedures for factor analyzing a given 
set of data. The procedure used here was 
a principal components analysis of the image 
covariance matrix followed by a verimax 
rotation of the extracted factors. This ap- 


I Have Done This Thing 
Almost Few Some Very 
Never Never Times Times Often Often 


oO a b C d ‘ 
re) a b C d ( 
oO a b c d ‘ 
re) a b c d r 
oO a b c d r 
te) a b c d n 


proach was expected to result in a solution 
of the dimensionality of science interests 
which would be least dependent upon the 
particular items utilized in the Inventory. 
The necessary computations and rationale 
for this particular solution of the factor 
analysis problem has been summarized in 
several recent papers by Kaiser (1958, 
1959). Therefore, the details and mathe- 
matical elegence of the approach will not be 
described in this report. 

The computer programs used were de- 
veloped at the Littauer Statistical Labora- 
tory, Harvard University, and the compu- 
tations were performed at the Computation 
Center, Massachusetts Institute of Tech- 
nology, using the IBM 704 available to 
New England colleges through the courtesy 
of the IBM Corporation. 


General Results 


Due to space limitations, the matrix 
(70 x 70) of the intercorrelations between 
the items, the resulting image covariance 
matrix, and the 70 characteristic roots and 
associated vectors (extracted by the Jacobi 
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method) shall not be reported here.* In 
Table II are the six largest latent roots 
resulting from the principal components 
analysis of the image covariance matrix and 
the cumulative proportion of the common 
variance which was accounted for by them. 
Table III presents the rotated factor load- 
A short 
phrase indicating the general nature of each 


ings for the six largest factors. 


of the 70 items is used to label the original 
variates in that table. These are not state- 
ments of the items, but only an indication 


8 Interested readers may obtain  photostat 
copies of these matrices from W. Cooley, 7 
Kirkland Street, Cambridge 38, Mass. 
include $2.00 to cover cost of copying. 


Please 


w 
bo 
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of the item content. The general format 
for the Inventory is described above in 
Table I, using one item for each of the six 


factors. 
TABLE II 
THe Srx LArcest Roots 
Cumulative 
Per Cent of 
Latent Root Variance 
1 21.5231 57.76 
2 3.7966 67.95 
3 2.1039 73.59 
4 1.3223 77.14 
5 8389 79.39 
6 7973 81.53 
Trace=37.2626 
~ 


Sum of the squared multiple correlations. 


TABLE III 


Tue Roratep Factors * 


Item Topic ———— 


( Not the actual item ) I 

1. Read news on science 501 
2. Visit pet stores aoae 
3. Bought scientific things .633 
4. Radio and electronics 

5. Weather 

6. Draw animals and plants , 

7. Home chemistry set .377 

8. Scientific lectures .610 
9. Rock collection <n 
10. Draw scientific equipment .565 
11. Read science magazines .339 
12. Work out inventions .415 
13. Lives of scientists .494 
14. Science TV programs .479 
15. Talks about sci. with adults .623 
16. Study sci. pccupations .474 
17. Extra science reading 571 
18. Photography eae 
19. Home microscope .328 
20. Read about inventions .488 
21. Worked extra sci. problems .669 
22. Talk about sci. with peers .662 
23. Atomic energy .522 
24. Friends work with sci. things .594 
25. Studied sci. pictures 604 
26. Weather Peer 
27. Space travel .338 
28. Discuss in science class 514 
29. Home experiments—chemical .376 
30. Asked sci. questions 541 
31. Wrote extra sci. reports .580 
32. Geology 
33. Scientific friends .653 


34. Origin of planets and life 

35. Fish and sea life “tat 
36. Home experiments—physics .421 
37. Sci. and raising children 


Factor 
II III IV V VI 
we 352 
.461 
622 
397 
341 
315 
475 
356 
318 
573 
ee .516 
.476 ee 
495 
344 a 418 
ee ew 629 
541 ecee .360 
495 


484 
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TABLE III— 


Item Topic = 


( Not the actual item) I 
38. Wild animals and birds enka 
39. Human body .338 
40. Time, gravity, space 401 


41. Gardening 

42. Biol. collections 

43. Astronomy .336 
44. Science museum .335 
45. Botany collections 

46. Electric repairs opt 
47. Unusual places and people 310 
48. Nature exploring trips 

49. Feed wild birds 5 at 
50. Discuss in sci. class .651 


51. History of science 562 
52. Extra science homework .717 
53. Extra science lectures 642 
54. Electric appliances 

55. Science in cooking 

56. Sci. fair exhibit .453 
57. Pay spc. atten. in sci. class .590 
58. Extra sci. lab. work .539 
59. Memorized extra sci. .639 
60. Sci. books in library .626 
61. Sci. things to class .614 
62. Science movies rae 
63. Science models .599 


64. Wildlife areas 

65. Gardening 

66. Zoos 

67. Gardening 

68. Nature study 

69. Wildlife movies ede 
70. Nutrition . 304 
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( Continued ) 
Factor 
I] ill IV V Vi 
568 
640 
.338 
.305 
sti teoa .404 
.330 


.698 


ww 
™N 


.662 
533 
.500 
.374 
.594 
.480 


.478 


* Loadings less than .300 have been deleted to simplify reading of table. 


Interpretation of the Factors 


Inspection of Table III readily reveals 
the nature of the six rotated factors. In 
the following paragraphs, we shall present 
our interpretations of their meaning. 

Factor I: This first factor is apparently 
a general science interest dimension. Typi- 
cal activities are: doing extra science home- 
work, asking questions and discussing in 
science class, talking about science with 
peers and adults, listening to talks on sci- 
ence. The items associated with this factor 
were only of a general nature, with no 
specific science activity involved. The re- 
lated activities also seemed to indicate an 
idolatry of science and an interest in its 
exciting advances. Of course students with 
more specific science interests ‘(as reflected 


in the five other possible factors) can also 
be high on this factor, but many students 
must be high on this factor who do not 
exhibit specific science interests, since the 
A high 
factor score on this dimension would prob- 
ably not in itself be indicative of an interest 
in science as a possible vocational area. 

Factor II: This is the “woodsy, birdsy” 
dimension. It includes activities like study- 
ing animal and bird life, collecting biological 
specimens, visiting parks and zoos, and 
observing and feeding wild birds. 

Factor III: This is the science tinkerer 
factor. Most of the items involved working 
with mechanical things and a curiosity about 
how “gadgets” work. Examples are: re- 
pairing electric lamps and cords, investi- 
gating electric appliances, working with 


factor rotations are orthogonal. 
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home chemistry sets, and devising new 
inventions. 

Factor IV: This factor has more of a 
“thinking about’ component than the 
“doing” nature of factors II and III. High 
loadings on this factor are for items like: 
thinking about the origin of the earth, sun, 
and stars; finding out about space travel ; 
exploring the meaning of concepts like time, 
gravity, space and energy. 

Factor V: This factor has no necessary 
relation to science interest. It refers mostly 
to high verbal activity, probably both in 
school and out. Such items were included 
in the Inventory because of its initial use in 
the study of teacher competence. 

Factor VI: Items regarding the _ be- 
havioral sciences and an interest in the 
human body were represented by only a 
few of the seventy items, and those few had 
their high loadings on Factor VI. A better 
sampling of these areas would result in a 
clearer picture of this dimension. This 
factor now appears to be limited to an in- 
terest in home economics (raising children, 
nutrition, and cooking ). 


CONCLUSIONS 
Implications of the Factor Analysis 


The factor analysis gives quantitative evi- 
dence that science interest is not unidimen- 
sional, as it is frequently assumed to be for 
teen-age boys. An important question then 
becomes when and how these interests be- 
come differentiated. In a preliminary in- 
vestigation of this question, 143 fifth grade 
boys were administered a modified version 
of the Inventory, and factor scores based 
on the above factor analysis were deter- 
mined. There was an extremely high posi- 
tive correlation among the first four factors, 
indicating that the structure is more unidi- 
mensional for the lower age group. 

One possible educational implication is 
that the type of science interest a science 
teacher is most likely to observe (Factor 
[: extra homework, active class discussion, 
etc.) in school is not necessarily related to 
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interest in sciencing (voluntarily doing ac- 
tivities approximating the tasks of scien- 
tists). Perhaps the wrong students are 
being encouraged into scientific vocations 
by our science teachers. This question is 
being explored in the five-year Scientific 
Careers Study at Harvard (Cooley, 1958). 

A comparison of the total scores on the 
Inventory for the boy sample and the girl 
sample demonstrated the latter to have 
markedly lower interest in science. How- 
ever, by refining the concept of science 
interest into subscores, there is the possi- 
bility that girls do not rank consistently 
lower on all factors. Should this prove to 
be the case those interested in locating and 
encouraging many dimensions of science 
talent may be able to draw upon a pool 
which includes both sexes. 

Implications of the factor analysis for 
further refinements of the Inventory are 
abundant. Four or five reliable sub-scales 
need to be developed on the basis of the 
above reported loadings. In part, this will 
involve eliminating some of the Factor | 
items and devising new items for Factor 
VI. Factor V items will be eliminated. 


Potential Utility of the Instrument 


The Inventory was originally developed 
for use as a criterion instrument in an in- 
vestigation of the relationship between 
selected science teacher behavior variables 
and student interest in science. Even prior 
to the development of factored sub-scores, 
the total score proved useful in this investi- 
gation of the teacher variables: warmth, 


demand, and utilization of intrinsic moti- 
vation (Reed, 1959 and 1960). Certainly 
an instrument such as this could be an im- 
portant addition to a battery of instruments 
attempting to measure learning in science 
for studies of teacher competence and teach- 
The reliable 


instruments currently available are pri- 


ing methods and materials. 


marily concerned with mastery of science 
facts and principles. 
The Science Activity Inventory would 
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also be useful in investigations into the 
origins of science interests. Relating sub- 
scores to early home environment and 
personality factors might be useful in im- 
proving our understanding of the early 
development of science interest. This in- 
strument is currently being used in the 
five-year study of the career development 
of scientists, and preliminary results in- 
dicate its potential usefulness in this area 
of research. 

If important relationships between these 
manifest science interests and the career 
choice process can be more firmly estab- 
lished, the Inventory would have potential 
utility in the vocational guidance of stu- 
dents. This must await further supporting 
Perhaps the factor 
analysis reported on the previous pages 
will be a fruitful step in the development of 
a more refined instrument for use in such 


studies, however. 


research undertakings. 
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FILMED SCIENCE COURSES IN THE PUBLIC SCHOOLS: 
AN EXPERIMENTAL APPRAISAL * 


W. JAmes PopHAM 


San Francisco State College, San Francisco, California 


AND 


JoserH M. SADNAVITCH 


Northern Illinois University, DeKalb, Illinois 


PROBLEM 


WIDELY heralded ‘attempt to improve 
A the quality of secondary school science 
instruction through the utilization of mass 
media communication techniques was seen 
in the recent preparation of two completely 
filmed high school courses in physics and 
chemistry. The physics course, a series of 
162 lectures and demonstrations conducted 
by Professor Harvey White, was produced 
The 
chemistry course, developed during 1958- 
59, consists of 160 lectures and demon- 
strations conducted by 
Baxter. Both film 
by the Fund for the Advancement of Ed- 


during the 1956-57 academic year. 


Professor John 


series were financed 
ucation for distribution by Encyclopaedia 
Britannica Films, Inc. Because of the re- 
cency of their development, little research 
evidence regarding the effectiveness of the 
The 


paper describes an experiment? designed 


films has been reported. present 
to evaluate the filmed physics and chem- 
istry courses in public secondary schools of 
southeast Kansas. 

Three studies dealing with the filmed 
At this 
writing the authors have been unable to 


physics series have been reported. 
discover any published research dealing 


*A paper presented at a Joint Meeting of the 
American Educational Research Association and 
the Thirty-Fourth Annual Meeting of the Na- 
tional Association for Research in Science Teach- 
ing, The Pick-Congress Hotel, Chicago, Illinois, 
February 24, 1961. 

‘The research reported heréin was supported 
by a grant from the United States Office of Edu- 
cation, Department of Health, Education, and 
Welfare. 


The first 
major research evaluation of the filmed 


with the filmed chemistry series. 


physics course was the Wisconsin Physics 
Film Evaluation Project (1959) in which 
the effectiveness of the first half of the 
162 physics films was tested in 30 experi- 
mental and 30 control schools. No sig- 
nificant difference was evidenced between 
the achievement performance of the film- 
taught and conventionally-taught students. 

The initial tests of the physics film over 
a full year period was conducted in 20 
Utah high (Noall and Winget, 
1959). Because of large inter-school dif- 


sch ols 


ferences on certain relevant measures, the 
Utah researchers abandoned the use of in- 
ferential statistical procedures in favor of 
gross, non-inferential comparisons. Re- 
sults of the research are, therefore, some- 
what difficult to interpret. 

A second attempt to evaluate the phys- 
ics series on a fuil year basis was con- 
ducted at the University of Kansas dur- 
academic (Anderson 


ing 1958-59 year 


and Montgomery, 1959). In this investi- 


gation, involving 225 experimental pupils 
and 176 control pupils, no significant dif- 
ferences in achievement performance were 
found between the experimental and con- 
trol groups. However, since the experi- 


mental groups were significantly more 
variable at the end of the experiment than 
they were at the beginning (in compari- 
son with the control groups’ differences 
in pre-test to post-test variability), it was 
concluded that the film method produced 
somewhat superior results. 

During the 1959-60 academic year, an 


experiment designed to evaluate the phys- 
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ics and chemistry series was conducted by 
Kansas State College of Pittsburg. This 
investigation will be described in the pres- 
ent report.” 


METHOD 


The major criterion variable under con- 
sideration in the experiment was student 
achievement. A second criterion variable 
was student interest in the general area of 
physical science. The third criterion vari- 
able was student attitude toward the school 
subject (physics or chemistry) 

Measures of student achievement in the 
investigation were obtained through the 
use of the Cooperative Physics Test and the 
Cooperative Chemistry Test (1950). Stu- 
dent interest in the general area of physi- 
cal science was assessed through use of 
the Physical Science sub-scale of the Thur- 
stone Interest Schedule (1947). Student 
attitude toward a particular course was 
measured by the use of A Scale For Meas- 
uring Attitude Toward Any School Sub- 
ject (1934). Intellectual 
assessed by the Otis Quick-Scoring Men- 
tal Ability Test (1939). 
past student scholastic performance utilized 


aptitude was 
The index of 


in the experiment was student cumulative 
high school grade point average. End-of- 
course student and teacher opinions were 
assessed through the use of questionnaires 
constructed for the study. 

The research sample was drawn from 
twelve southeast 


students enrolled in 


Kansas secondary schools offering both 


physics and chemistry. The twelve sec- 


ondary schools were divided into two 
groups, six schools serving as experimental 
for physics (taught by the film series) 


and control for chemistry (conventional 


chemistry instruction), and six serving as 
experimental for chemistry (taught by the 


2A more detailed report of the investigation 
has been submitted to the U. S. Office of Edu- 
cation: Popham, W. J., and Sadnavitch, J. M. 
The effectiveness of filmed science courses in 
public secondary schools. Kansas State College 
of Pittsburg, August, 1960. 
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film series) and control for physics (con- 
ventional physics instruction). Schools in 
the two groups were matched according 
to the following factors: grade organiza- 
tion, student 


erty valuation, community population, type 


enrollment, assessed prop- 
of accreditation, and number of full time 
faculty members. 
From the twleve schools, all students 
who were enrolled in either physics or 
1959-60 


year were used as subjects. Of 


chemistry during the academic 
these, 
312 physics students, 155 of whom were 
to be taught via film, and 475 chemistry 
students, 234 of whom were to be taught 
via film, were included in the original 
sample. 

It was agreed after discussions with par- 
ticipating teachers that rather than employ- 
ing a rigid experimental and, perhaps, 
somewhat artificial classroom procedure 
throughout the course of the experiment, 
teachers would be allowed to employ the 
films as they wished, within certain limits. 
Among these limitations were (1) that at 
most one film per day was to be employed, 
(Each lasted approximately 30 minutes. ) 
and (2) that a minimum number of four 
films per week were to be used. For the 
chemistry series, it was decided that four 
films per week would be shown, thereby 
leaving one day per week available for 
laboratory purposes. For physics it was 
agreed that four films would be shown 
with five films to be 


every other week 


shown on alternate weeks. Teachers were 
allowed to retain the textbooks they ordi- 
narily used in their courses. 

In order to allow time for laboratory 
periods a number of films were deleted 
from each series by the participating teach- 
ers. Four physics schools received 149 
films, and one 


films, one received 148 


received 147 films. One chemistry school 


received 132 films, three received 131 


films, and two received 130 films. These 
slight variations are attributable to differ- 


ent school opening and closing dates. In 
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both series all but a few films were in 
black and white, rather than color. 

Since only one set of each film series 
was available, a distribution scheme in- 
volving “staggered” units was employed. 
The distribution scheme adopted with each 
series was essentially that developed by 
the producers of the films for use in dis- 
tributing films to six schools. 

During the first seven days of the school 
term, members of the research staff ad- 
ministered the following instruments to all 
subjects: the Cooperative Physics Test, 
Form Y (or the Cooperative Chemistry 
Test, Form Y); the Thurstone Interest 
Schedule; the Otis Quick-Scoring Mental 
Ability Test; and A Scale For Measuring 
Attitude Toward Any School Subject, 
Form A. Alternate forms of the achieve- 
ment and attitude tests were administered 
during the final week of each school’s 
academic year. In addition, the interest 
scale was readministered. 

A multiple analysis of covariance statis- 
tical technique was employed to test dif- 
ferences between film and non-film groups 
with respect to subject matter achieve- 
ment. This procedure allows for the sta- 
tistical equalization of experimental and 
control groups on measures which are con- 
sidered to be relevant to the criterion vari- 
able. 

For analyses involving data secured 
through administration of the interest 
schedule, attitude scale, and questionnaires, 
the following nonparametric statistical tests 
were employed: the Mann-Whitney U 
Test, the sign test, and the chi square 
test.* 


RESULTS—PHYSICS 


Achievement. In order to determine the 
degree of relationship between the crite- 
rion achievement measure and the control 
measures, correlation coefficients were 
computed between these variables. The 


8 For a discussion of the function and method 
of these tests see Siegel (1956). 
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relationship between the post-experiment 
achievement variable and the three control 


variables, i.e., pre-achievement (r = .68), 
intelligence (r = .51), and grade point av- 
erage (r = .30), indicates the appropriate- 


ness of employing these measures for con- 
trol purposes. 

The first hypothesis tested by the mul- 
tiple analysis of covariance procedure was 
that there was a difference in achievement 
between the experimental and _ control 
group. The second hypothesis tested was 
that when students had been classified into 
three levels of intelligence (irrespective of 
whether they were members of the control 
or experimental group), differences in 
post-test achievement would exist. The 
third hypothesis concerned interaction of 
teaching method versus ability level. 

For purposes of this analysis, the experi- 
mental and the control groups were di- 
vided into equal thirds (high ability, av- 
erage ability, low ability) * according to 
level of intellectual aptitude as measured 
by the Otis intelligence test. It was neces- 
sary to delete scores of 25 students in or- 
der to achieve equal subgroups for the 
multiple analysis of covariance. This step 
was taken in order to avoid the necessity 
of correcting for disproportionality between 
subgroups.® Twenty-four subjects were 
randomly deleted from the experimental 
group and one subject was eliminated from 
the control group. 

In Table I the analysis of covariance 


results for the three sources of variation 


4 It should be noted that since students enrolled 
in science classes generally possess superior in- 
tellectual ability, the terms “high,” “average,” 
and “low” must be interpreted only within the 
framework of the present study. 

5 Although adjustment of disproportionate sub- 
class frequencies in the analysis of covariance 
procedure can be made, it is an extremely time- 
consuming process. The mathematical demon- 
stration of the procedure has been treated by 
Tsao. (Fei Tsao, “General Solution of the 
Analysis of Variance and Covariance in the Case 
of Unequal and Disproportionate Numbers of 
Observations in the Subclasses,” Psychometrika, 
11 :107-128, 1946.) 
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are presented. It can be seen that a sig- 

nificant difference (p<.001) was observed 
the experimental 

(method ). 


between and_ control 


groups Significant differences 
(p<.01) were also observed between the 
performance of three ability groups. There 
was no significant interaction of teaching 
method and ability level. 
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three ability groups should be given at this 
point. It can be observed from Table III 
that although the actual (unadjusted) post 
experiment performance of the high ability 
group exceeds the performance of both the 
average and low groups, the high ability 
group is inferior to the other groups when 
adjustments are made for the initial dif- 


TABLE I 
ANALYSIS OF COVARIANCE OF ACHIEVEMENT PERFORMANCE FOR EXPERIMENTAL 
AND ControL Puysics STUDENTS REPRESENTING THREE ABiILity LEVELS 
Residuals 
Source of Degrees Sum of Mean 
Variation of Freedom Squares Square F 
Method ] 701.040 701.040 29.115*** 
Ability Level 2 238 .094 119.047 4.944** 
Interaction z 45.110 22.555 .937 
Within 213 5128.747 24.079 


*** Significant beyond the .001 level. 
** Significant beyond the .01 level. 


In order to compensate for initial differ- 
ences between groups on the control vari- 
ables, adjusted means were computed for 
method groups (film-taught and conven- 
tionally-taught) and for 
(high, average, low). 


ability groups 
The unadjusted 
and adjusted post-experiment achievement 
means for method are presented in Table 
II. The adjusted mean for the control 
group (59.98) almost five points 
higher than the adjusted mean for the ex- 
perimental group (56.24). 


was 


TABLE II 


UNADJUSTED AND 
ACHIEVEMENT MEANS FOR EXPERIMENTAL 
AND Controt Puysics Stupents IN- 
CLUDED IN THE MULTIPLE ANALYSIS 


ApJUSTED Post-EXPERIMENT 


oF COVARIANCE 
Unadjusted Adjusted 
Group N Mean Mean 
Experimental 111 56.86 56.24 
Control 111 59.36 59.98 


The unadjusted and adjusted post-ex- 
periment achievement means for ability 
groups are presented in Table III. An in- 
terpretation of the shift in direction of the 
adjusted post-achievement means for the 


ferences between groups in pre-experiment 
achievement, intelligence, and grade point 
average. 


TABLE III 


UNADJUSTED AND ApjustTep Post-EXxPERIMENT 
ACHIEVEMENT MEANS FoR Puysics ABILITY 
Groups INCLUDED IN THE MULTIPLE 
ANALYSIS OF COVARIANCE 


Unadjusted Adjusted 
Group N Mean Mean 
High Ability 74 62.47 54.71 
Average Ability 74 59.57 58.33 
Low Ability 74 52.30 61.30 


The phenomenon should be expected 
in most studies contrasting performance 
of ability level groups over an extended pe- 
riod of time, especially where a number of 
What is 
actually reflected in the reversal produced 
by the adjustment is the difficult nature of 
the task imposed upon the high ability 
group in expecting a continuation of their 
relative pre-experiment superiority over 


control variables are employed. 


the low group throughout the course of a 
year-long study. As measurement experts 


will testify, the difficulty of achieving at the 
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upper end of a measurement scale is con- 
siderably greater than the difficulty as- 
sociated with advancing at the lower end 
or middle of a scale. 

Interest. Differences between the ex- 
perimental and control groups with respect 
to pre- and post-experiment physical sci- 
ence interest shifts (both for the total 
groups and for ability level groups) were 
assessed by the Mann-Whitney U Test. 

The statistical tests for differences be- 
tween experimental and control group in- 
terest changes from pre-experiment to 
post-experiment, as measured by the Physi- 
cal Science sub-scale of the Thurstone 
schedule, revealed no significant differences 
between the groups considered as a whole 
or by separate ability levels. The ¢ values 
yielded from the Mann-Whitney U Test, 
as well as the direction of the differences 
are presented in Table IV. 
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of the academic year, the difference be- 
tween changes in attitudes significantly 
favored the control group. That is, the 
experimental group’s shift in attitude to- 
ward physics as a school subject was con 
siderably more unfavorable than that of 
the control group. This difference for the 
total group was significant beyond the .05 
level. 

In Table V the results of tests of sig- 
nificance for differences between attitude 
scores of experimental and control physics 
groups, considered as total groups and in 
separate ability groups, are presented. 


RESULTS—-CHEMISTRY 


Achievement. In order to determine 
the appropriateness of employing the speci- 
fied medsures for control purposes in the 
chemistry achievement analyses, correla- 


tion coefficients were computed between 


TABLE IV 


SIGNIFICANCE OF DIFFERENCES BETWEEN INTEREST ScorE CHANGES FOR 
EXPERIMENTAL AND ConTROL Puysics STuDENTS CLASSIFIED 
AS A ToTAL GrouP AND IN ABILity LeveL Groups 


Group N * 

Total 

Experimental 141 

Control 149 
High Ability 

Experimental 42 

Control 38 
Average Ability 

Experimental 45 

Control 39 
Low Ability 

Experimental 54 

Control 40 


Mann-Whitney Test Group Favored 


z Value by Difference 
.330 experimental 
.520 control 

215 experimental 


1.139 experimental 


* The difference between the total sample and the sum of the subgroup samples is explained by 
the fact that students for whom no intelligence scores were available could not be assigned to 


separate ability groups, but were included in the 


Attitude. Differences between experi- 
mental and control students’ pre- to post- 
experiment shifts in attitude toward phys- 
ics as a school subject were analyzed by the 
Mann-Whitney U Test. Although both the 
experimental and control groups mani- 
fested more negative attitudes at the end 


total analysis. 


the criterion achievement variable and the 
three control variables, i.e., pre-achieve- 
ment (r = .32, intelligence (r = .46), 
and grade point average (r = .38). 

As in the case of the physics study, 
chemistry achievement data were subjected 
to a multiple analysis of covariance pro- 
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TABLE V 


SIGNIFICANCE OF DIFFERENCES BETWEEN 


ATTITUDE SCORES FOR 


EXPERIMENTAL AND CoNTROL PHysics STUDENTS CLASSIFIED 
As A ToTaL Group AND IN ABILITY LEVEL GROUPS 


Group N 

Total 

Experimental 117 

Control 132 
High Ability 

Experimental 34 

Control 36 
Average Ability 

Experimental 39 

Control 36 
Low Ability 

Experimental 41 

Control 28 


* Significant beyond the .05 level. 


cedure. Both experimental and control 
divided equal thirds 
(high ability, average ability, low ability) 
according to level of intellectual aptitude 
as measured by the Otis intelligence test. 


groups were into 


In this analysis it was necessary to ran- 
domly delete scores of 26 students (25 ex- 
perimental students and one control stu- 
dent) in order to secure equal sub-groups. 


oI 


Mann-Whitney Test Group Favored 
z Value by Difference 
2.185* control 
2.421* control 
1.400 control 
257 control 


variables, adjusted means were computed 
for method groups (experimental and con- 
trol) and for ability groups (high average, 
low). The unadjusted and adjusted post- 
experiment achievement means for method 
groups are presented in Table VII. In 
Table VIII the unadjusted and adjusted 
post-experiment achievement 
ability groups are presented. 


means for 


TABLE VI 


ANALYSIS OF COVARIANCE OF ACHIEVEMENT PERFORMANCE FOR EXPERIMENTAL 
AND CoNTROL CHEMISTRY STUDENTS CLASSIFIED BY ABILITY 


Source of Degrees 


Variation of Freedom 
Method 1 
Ability 2 
Interaction 2 
Within 411 


In Table VI the multiple analysis of co- 
variance results are presented for the three 
sources of variation, i.e., teaching method 
(film versus non-film), ability level, and 
interaction. It can be seen that the three 
sources of variation were not statistically 
significant. 

In order to compensate for initial dif- 
ferences between groups on ‘the control 


Residuals 





Sum of Mean 
Squares Square F 
28.629 28.629 .360 
95.972 47 .986 604 
81.735 40.868 514 
32,662 .355 79.470 


TABLE VII 


UNADJUSTED AND ApjUSTED Post-EXPERIMENT 
ACHIEVEMENT MEANS FOR EXPERIMENTAL 
AND CoNnTROL CHEMISTRY STUDENTS IN- 
CLUDED IN THE MULTIPLE ANALYSIS 
oF COVARIANCE 


Unadjusted Adjusted 
Group N Mean Mean 
Experimental 210 59.59 59.97 
Control 210 60.92 60.54 
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TABLE VIII 


UNADJUSTED AND ApjusTeD Post-EXPERIMENT 
ACHIEVEMENT MEANS FOR CHEMISTRY STU- 
DENTS CLASSIFIED BY ABILITY AND IN- 
CLUDED IN THE MULTIPLE ANALYSIS 
OF COVARIANCE 


Unadjusted Adjusted 


Group N Mean Mean 
High Ability 140 65.22 59.57 
Average Ability 140 59.76 58.10 
Low Ability 140 55.91 61.75 


Interest. Tests of significance for dif- 
ferences between experimental and con- 
trol group changes in interest in physical 
science, as measured by the physical sci- 
ence subscale of the Thurstone schedule, 
revealed no significant difference between 
the groups considered as a whole. When 
differences were considered between sepa- 
rate ability level groups, however, the dif- 
ference between the low ability group’s 
change in interest in physical science de- 
clined to a greater extent than did the in- 
terest of the control group. This differ- 
ence was significant beyond the .05 level. 
The z values yielded from the Mann-Whit- 
ney U Test, as well as the group favored 
by the difference, are presented in Table 
IX. 


Attitude. Differences between experi- 
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mental and control chemistry students’ 
shifts in attitude toward chemistry as a 
school subject were tested for significance 
by the Mann-Whitney U Test. Although 
both groups evidenced considerably less 
favorable attitudes at the end of the study 
than at the beginning, differences between 
changes in pre- and post-experiment atti- 
tudes for the total experimental and con- 
trol groups significantly favored the con- 
trol group. In other words, the experi- 
mental groups’ changes in attitude toward 
chemistry as a school subject were con- 
siderably more unfavorable than that of the 
control group. This difference was signifi- 
cant beyond the .05 level of confidence. 
The results of significance tests of dif- 
ferences between attitude scores for ex- 
perimental and control chemistry groups, 
considered as total groups and in separate 
ability groups, are presented in Table X. 
End-of-Course Reactions. An _ inspec- 
tion of the end-of-course reactions (ob- 
tained by questionnaire) of both students 
and teachers who participated in the in- 
vestigation reflected a generally negative 
tone toward the science films as they were 
used in this experiment, particularly in the 


case of the teacher opinions. 


TABLE IX 


SIGNIFICANCE OF DIFFERENCES BETWEEN INTEREST SCORE CHANGES FOR 


EXPERIMENTAL AND CONTROL STUDENTS CLASSIFIED AS A 


Tora Group AND IN AsiLity LeveL. Groups 


Group N 

Total 

Experimental 231 

Control 220 
High Ability 

Experimental 80 

Control 73 
Average Ability 

xperimental 74 

Control 71 
Low Ability 

Experimental 78 

Control 72 


* Significant beyond the .05 level. 


Mann-Whitney Test Group Favored 


z Value by Difference 
1.580 control 
.578 control 

1.002 experimental 
2.432* control 
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TABLE X 


SIGNIFICANCE OF DIFFERENCES BETWEEN ATTITUDE SCORES FOR EXPERIMENTAL 
AND ConTROoL CHEMISTRY STUDENTS CLASSIFIED AS A TOTAL GrRouUP 
AND IN AsiLity LeveL Groups 


Group N 
Total 
Experimental 203 
Control 171 
High Ability 
Experimental 67 
Control 57 


Average Ability 


Experimental 68 

Control 52 
Low Ability 

Experimental 64 


* Significant beyond the .05 level. 
** Significant beyond the .01 level. 


DISCUSSION 


Before discussing the major results of 
the physics and chemistry investigations, 
it should be pointed out that certain limi- 
tations of the present study dictate caution 
in one’s interpretation of these results. 

In the first place, results of a single re- 
search investigation are obviously far from 
A final evaluation of the effec- 
tiveness of the filmed science courses based 


conclusive. 


upon this experiment alone would be highly 
imprudent. Second, since the experiment 
was carried out in an actual classroom en- 
vironment, the possibility of uncontrolled 
variables operating to contaminate the data 
is always present. For example, it is well 
known that teacher competency is a vital 
determinant in assessing the effectiveness 
Although the 
teachers in the experimental and control 


of any instructional method. 


groups were comparable on the basis of 
preparation and experience, it is improbable 
that they were completely equivalent in 
Third, the 
measuring instruments which were used in 


terms of teacher effectiveness. 


the experiment to assess student achieve- 
ment, interest, and attitudes are subject to 
certain well known limitations. It is con- 
ceivable that other researchers, employing 
different measuring techniques, might obtain 


Mann-Whitney Test Group Favored 


z Value by Difference 
2.453* control 
.677 control 
580 control 
3.770** control 


results differing from those yielded in the 
experiment. Fourth, it must be recalled 
that the films were used according to a 
particular schedule in the present study. 
Other schemes for utilizing the films may 
Finally it 
should be pointed out that while the cri- 
terion variables under analysis in the pres- 
ent investigation represent those commonly 
used in similar evaluations, they certainly 
do not exhaust the criteria which might 
legitimately be employed in such an investi- 
gation. With these limitations in mind, the 
major results of the physics and chemistry 
examination will now be treated. 

Results of the achievement analyses indi- 


prove more or less effective. 


cated that whereas the chemistry films 
proved as effective as conventional methods, 
students taught with the filmed physics 
series did not achieve as well as students 
who were taught physics in a conventional 
manner. This latter difference indicated 
that the physics films, as they were em- 
ployed in the present research, did not 
promote learning comparable to that pro- 
duced under ordinary instructional con- 
ditions. The reasons for the differences in 
the effectiveness of the chemistry and the 
physics series are not clear. 

An interesting point regarding achieve- 
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ment involved the fact that for both chemis- 
try and physics no significant differences 
were discerned in the achievement of stu- 
dents of differential intelligence levels. 
These findings may be contrasted with re- 
sults of an investigation conducted by 
Engelhart et al. (1958) in which students 
of average intellectual ability tended to 
respond more favorably to the physics films 
(via television) than students of extremely 
high or low intellectual ability. 

Although contrasts between experimental 
and control groups with respect to student 
interest in physical science, (both in physics 
and chemistry) yielded no significant differ- 
ences, there was a general pattern tending 
to favor the film group in the case of physics 
and the non-film group in the case of 
chemistry. Since the differences were, for 
the most part, non-significant it can be con- 
cluded that the film and non-film approaches 
apparently foster comparable student in- 
terest in physical science. 

In contrasting attitudinal differences be- 
tween experimental and control groups, 
significant differences favoring the control 
groups (both physics and chemistry) were 
observed. That is, attitudes of the control 
students toward the school subject, though 
less favorable than at the beginning of the 
year, were proportionately less negative 
than attitudes of the experimental students. 
It appears that use of films fosters attitudes 
which are even more unfavorable toward 
physics and chemistry as school subjects 
than the attitudes promoted by courses 
taught in a conventional mode. 

In conclusion, the results of the major 
analyses for both physics and chemistry 
seem to create doubts concerning the value 
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of teaching science courses via film, particu- 
larly in the case of the physics series. 
While the limitations cited at the outset 
of this discussion suggest that the findings 
of this experiment are far from conclusive, 
research of this type should make it in- 
cumbent upon proponents of the filmed 
science courses to supply empirical evi- 
dence that the filmed technique produces 
educational gains which are at least com- 
parable to those yielded by ordinary instruc- 
tional methods. With a view to sound 
fiscal policies in the secondary school, the 
considerable cost associated with their pur- 
chase should dictate that more evidence 
supporting the effectiveness of the filmed 
science courses must be presented before a 
favorable judgment regarding their edu- 
cational usefulness can be reached. 
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MULTIPLE INSTRUCTION AND OTHER FACTORS RELATED 
TO ACHIEVEMENT IN COLLEGE PHYSICS * 


RaLtpH H. 


BLUMENTHAL 


Department of Physics, The City College of New York, New York, New York 


SECTION I—MULTIPLE INSTRUCTION ! 


OMBINATIONS of the recitation, lecture, 
C and laboratory methods are usually 
employed at the same time in the teaching 
of college physics. In large schools the 
large lecture section is generally employed 
since there is a limited amount of lecture- 
demonstration equipment. Thus as many 
as three or four recitation classes may be 
exposed to the same demonstration appa- 
ratus at the same time. Were there suff- 
cient equipment for all the recitation classes, 
it is doubtful whether it would be eco- 
nomically advisable to have every recitation 
instructor lecture to his own section, for it 
would involve a considerable increase in 
teaching hours. 

From the student point of view, however, 
there may be a decided difference in atti- 
tude toward the lecture material if the 
lecturer does not happen to be his reci- 
tation instructor as well. It is commonly 
observed that students who seem most in- 
attentive in the lectures are those who are 
not recitation students of the lecturers. 
Then in the recitation class, if the recitation 
instructor is not the lecturer, it is commonly 
noticed that many students seem to have 
learned very little in the lecture hall with 
the subsequent necessity for repeating much 
of the material that should have been learned 
in lecture. On the other hand, if the reci- 
tation instructor is the lecturer as well, 
little time is consumed in repetition of the 
lecture material. 

* This paper is based upon the author’s Ph.D. 
thesis, “The Effects of Multiple Instruction Upon 
Learning in College Physics,” New York Uni- 
versity, 1956. 

1 A somewhat less elaborate condensation of this 
segment of the thesis may be found in R. H. 
Blumenthal, “Split Sections and Learning in 
College Physics,” American Journal of Physics, 
25 (September, 1957), pp. 352-355. 


336 


In many colleges the procedures of the 
laboratory periods are outlined in great 
detail in the laboratory manuals. The 
student is required to follow in “‘cookbook”’ 
fashion the procedures called for both in 
the performance of the experiment and in 
the writing of the report. While the 
laboratory instructor’s role appears to be 
minor, nevertheless there may be a differ- 
ence in attitude toward the weekly experi- 
ments if the student’s laboratory teacher 
does not happen to be his recitation or lec- 
ture teacher. 

One purpose of this study was to com- 
pare end-term achievement of students in 
college physics who have attended split 
sections of lecture, recitation, and/or 
laboratory with those who have not. The 
term “split section” as used herein refers 
to a physics class with more than one in- 
structor for its component parts. Thus a 
split section of lecture and recitation hours 
refers to a physics class which is lectured 
to by an instructor other than the recitation 
instructor. A section may be split two 
ways, in which case the lecture, recitation, 
and laboratory instructors are different. 

In order to facilitate the solution of this 
problem, the following subordinate prob- 
lems were investigated : 

(1) To contrast the acquisition of physics 
knowledge of students who have attended 
split sections of elementary physics with 
those who have not. 

(2) To contrast the acquisition of physics 
problem-solving abilities of students who 
have attended split sections of elementary 
physics with those who have not. The 
term “physics problem-solving abilities” as 
used herein refers to success in solving 
problems in physics involving the use of 
mathematics. 

In order more closely to define the prob- 
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lem, the following delimitations and the 
rationale behind them were made. The 
course used for survey purposes was Gen- 
eral Physics I, the first half of a year course 
in traditional college physics designed pri- 
marily for science majors, offered in the 
Day Session of Brooklyn College. During 
the period of this investigation, classes in 
General Physics met six hours per week 
for fifteen weeks of each semester; two 
hours per week each for lecture, recitation, 
and laboratory. General Physics I com- 
prises topics in mechanics, heat, and sound. 

There were several reasons for investi- 
gating the physics course at Brooklyn Col- 
lege in preference to that at other schools. 
One reason was the equality of teaching 
hours allocated to lecture, recitation, and 
laboratory. In addition, the text, the course 
content, the lecture theory and demonstra- 
tions, and the laboratory exercises were 
prescribed and therefore essentially the 
same from class-to-class as well as from 
term-to-term regardless of instructors. 
This assured that all first-year physics stu- 
dents were subject to the same regimen. 
Still another reason was that the two-hour 
final examinations consisted of two parts 
which were pertinent to this study; Part 
I, containing twenty-five multiple-chioce 
questions, was concerned with physics 
knowledge; and Part II, containing seven 
or eight problems, was concerned with 
physics problem-solving. The final reason 
for choosing the course at Brooklyn College 
was the method of grading the problems 
of Part II of the final examinations. One 
or two instructors were assigned the grad- 
ing of a single problem for each student 
of every physics class. Comparison of 
achievement could be made, therefore, dur- 
ing any semester, of students in different 


classes based upon final examination scores. 


PROCEDURE IN COLLECTING DATA 


In order to solve the problem, it was 
necessary to obtain data for those Physics 
I sections at Brooklyn College whose lec- 
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turers were at the same time the instructors 
for at least one recitation class included in a 
larger lecture class. Whether or not the 
recitation instructors were the same as the 
laboratory instructors was a subsequent 
consideration. In order that the results be 
unbiased, scores of the following students 
were eliminated : 

1. Those who repeated the course during 
the semester investigated. 

2. Those who did not take the regular 
final examination because of absence or 
conflict of schedule. 

Information was obtained for 159 stu- 
dents who took Physics I during the 
Spring—1953, Fall—1953, and Spring—1954 
semesters. Scores on both parts of the 
physics final examinations were obtained 
from the papers themselves which are kept 
for a limited time by the Physics Depart- 
ment and from the grade books of individual 
instructors. Scores on the various sections 
of the college entrance examinations were 
obtained from the Office of Testing and 
Research of the Department of Personnel 
Service of Brooklyn College. The entrance 
examination scores in the categories : ability 
to reason, general scientific knowledge, and 
mathematics ability are standard scores 
based upon raw scores of all students who 
apply for admission to one of the four 
municipal colleges of the City of New York. 
These examinations are identical among 
colleges and comparable from term-to- 


term.” 


ANALYSIS AND INTERPRETATION OF DATA 


In the following presentation no attempt 
is made to present the complete statistical 
account found in the thesis upon which this 


article is based.’ Rather a brief description 


2 These examinations are prepared by the Psy- 
chological Corporation, New York City. The 
results are commonly used for guidance and com- 
parison purposes. 

8 Positive reproductions in microfilm form are 
obtainable from University Microfilms, Ann 
Arbor, Michigan. 
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of the procedures and the more important 
results are set forth. 
Preliminary Treatment of Data 


The method of Flanagan* based upon 
extreme twenty-seven percentages was used 


4John C. Flanagan, Journal of Educational 
Psychology, 30:674 (1939). 


[Vor. 45, No. 4 


in the item analyses of Parts I and II of 
both the Spring—1953 and Fall—1953 final 
examinations. In addition, a difficulty score 
for each question was computed. The 
results indicated Parts I and II of both 
examinations to be quite satisfactory. In 
the analysis of the problems of Part II of 


each examination, a score of 6 (out of a 


TABLE I 


ACHIEVEMENT IN KNOWLEDGE OF COLLEGE Puysics 


Final 

Exam. 

Entrance Examination Part I 
au Low High 
Ability High High 
%0 Low Low 
Reason High Low 
General Low High 
nares High High 
Scientific Pos Se 
- OW JOW 
Knowledge High pe 
Low High 

Mathematics High High 
Ability Low Low 
High Low 


Number of Students 
in Each Group 


Relative Group Group Group 


Gain“ I I] III 
3 5 17 
2 5 21 
1 12 8 29 
0 7 7 18 
3 12 5 18 
2 18 5 20 
1 15 10 28 
0 4 5 19 
3 12 3 14 
2 18 7 24 
1 11 10 27 
0 8 5 20 


“Relative gain arbitrarily specifies the position of a student in terms of scoring either above 
or below average on a particular entrance examination coupled with scoring either above or below 
average on Part I (physics knowledge) of the final examination. 


TABLE II 


ACHIEVEMENT IN PROBLEM-SOLVING ABILITIES IN COLLEGE PHysIcs 


Final 

Exam. 

Entrance Examination Part II 
= Low High 
Ability High High 
R ool Low Low 
naees High Low 
— Low High 
eee High High 
Scientific ? f 
K poe Low Low 
——— High Low 
Low High 

Mathematics High High 
Ability Low Low 
High Low 


Number of Students 
in Each Group 





Relative Group Group Group 
Gain” I I] III 
3 9 8 17 
2 16 + 22 
1 5 5 29 
0 9 8 17 
3 11 4 17 
z 14 8 22 
1 16 11 29 
0 8 2 17 
3 7 5 14 
2 18 7 25 
1 16 8 27 
0 8 5 19 


» Relative gain arbitrarily specifies the position of a student in terms of scoring either above 
or below average on a particular entrance examination coupled with scoring either above or below 
average on Part II (physics problem-solving) of the final examination. 
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possible 10) was taken to be the passing 
grade. 

Prior to analysis of the subordinate prob- 
lems, normality of the score distributions 
for Parts I and II of each final examination, 
and of the college entrance examinations: 
ability to reason, general scientific knowl- 
edge, and mathematics ability were tested 
and established by means of chi-square 
technique. 

The solution of subordinate problem 1, 
“To contrast the acquisition of physics 
knowledge of students who have attended 
split sections of elementary physics with 
those who have not” and the solution of 
subordinate problem 2, “To contrast the 
acquisition of physics problem-solving abili- 
ties of students who have attended split 
sections of elementary physics with those 
who have not” both required preliminary 
arrangement of the data obtained from the 
Spring—1953, Fall-1953, and Spring—1954 
semesters into three major groups in order 
to perform analyses of variance. Group I 
comprised sections and numbers of students 
who had the same instructor for lecture, 
recitation, and laboratory. Group II com- 
prised sections and numbers of students 
who had the same instructor for recitation 
and laboratory, but a different lecturer. 
Group III comprised sections and numbers 
of students who had different instructors 
for lecture, recitation, and laboratory. Of 
the 159 students, 49 fell into Group I, 25 
into Group II, and 85 into Group ITI. 

In order to rule out teaching effective- 
ness as a factor in the analyses of variance, 
composite final examination grades of all 
Physics I students taught by Group I, II, 
and III instructors (including the 159 sub- 
jects of this study) were obtained from the 
Physics Department for the years 1952, 
1953, and 1954. ¢ ratio tests of the differ- 
ences among the mean scores of these three 
groups of additional data were performed. 
Since significant differences did not exist 
between any combination of means, it was 
assumed that the three groups of instruc- 
tors were equally effective in teaching. 
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Each of the three major groups, compris- 
ing 49, 25, and 85 students, respectively, 
was subdivided into two subgroups, the 
high and low achievers on a particular 
entrance examination ; and these two groups 
subdivided in turn into high and low achiev- 
ers on Part I or Part II of the physics final 
examination. The upper limits of the low 
achievers were chosen to be 

(a) the mean score of the section of the 
entrance examination under consideration, 

(b) the mean score of Part I of the 
physics final examination, and 

(c) the mean score of Part II of the 
physics final examination. 


Solution of Subordinate Problem I 


For the solution of subordinate problem 
1, the data were initially arranged as shown 
in Table I for analysis of variance. 

On the basis of the Snedecor F ratios 
(of variance) and the associated probabili- 
ties, the following interpretations were 
made : 

(1) Relative gain for Groups I, II, and 
III in terms of physics knowledge was not 
dependent upon the specific entrance exami- 
nation used in initial classification. 

(2) Relative gain in terms of physics 
knowledge was dependent upon whether or 
not students attended split sections. 

(3) Relative gain in terms of physics 
knowledge was not significantly greater for 
one group on the basis of one entrance ex- 
amination used for control purposes than 
for another group on the basis of an- 
other entrance examination used for con- 
trol purposes. 

The data of Table I were further an- 
alyzed in order to determine where dif- 
ferences among groups existed in terms of 
relative gains of students. The mean rela- 
tive gains for the groups were computed 
and found to be: M,;=1.73, Me=—1.35, and 
M,=1.42. ¢ ratio tests of the differences 
between these means yielded the following 


conclusions : 
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(1) The relative gain of Group I was 
significantly greater than the relative gain 
of Group II in terms of physics knowledge. 

(2) The relative gain of Group I was 
significantly greater than the relative gain 
of Group III in terms of physics knowledge. 

(3) The relative gain of Group II was 
not significantly different from the relative 
gain of Group III in terms of physics 
knowledge. 

In terms of the acquistion of physics 
knowledge, those students whose lecturers 
were at the same time their recitation in- 
structors showed greatest achievement. 
There are probably several reasons why a 
student tends to pay greater attention to 
the factual lecture material if the lecturer 
is the same individual as his recitation in- 
structor. He is aware that the lecturer 
minimizes repetition of the lecture material 
in recitation, and he receives his final grade 
from the latter. 

Whether or not the students had the 
same instructor in recitation and laboratory 
made no significant difference with regard 
to the acquisition of physics knowledge. 
The probable reason for this result is that 
emphasis in the laboratory is not primarily 
on the acquisition of physics knowledge. A 
test of laboratory performance, for exam- 
ple, might conceivably reveal differences 
between the groups. Investigation of stud- 
ies dealing with laboratory teaching shows 
that little, if any, contribution is made by 
laboratory work to the passing of the usual 
objective subject-matter types of achieve- 
ment tests. 


Solution of Subordinate Problem 2 


For the solution of subordinate problem 
2, the data were initially arranged as shown 
in Table II for analysis of variance. On 
the basis of the Snedecor F ratios (of vari- 
ance) and the associated probabilities, the 
following interpretations were made: 

(1) Relative gain for Groups I, II, and 
III in terms of physics problem-solving 
abilities was not dependent upon the speci- 


[Vor. 45, No. 4 


fic entrance examination used in initial 
classificaton. 

(2) Relative gain in terms of physics 
problem-solving abilities was not depend- 
ent upon whether or not students attended 
split sections. 

(3) Relative gain in terms of physics 
problem-solving abilities was not signifi 
cantly greater for one group on the basis of 
one entrance examination used for control 
purposes than for another group on the 
basis of another entrance examination used 
for control purposes. 

The results of the F tests showed that 
the number of instructors did not alter 
achievement significantly in physics prob- 
lem-solving abilities. The probable reason 
for these results is that the recitation in- 
structor, rather than the lecturer or labora- 
tory instructor, is concerned primarily with 
the solving of physics problems. As a con- 
sequence, whether or not the recitation in- 
structor is the same individual as the lec- 
turer or laboratory instructor does not in- 
fluence significantly relative gain in terms 
of physics problem-solving abilities. 


SECTION II—MULTIPLE REGRESSION 


The second purpose of this study was 
to relate end-term success measured in 
terms of physics knowledge and physics 
problem-solving abilities to the several fac- 
tors determined at the time of college en- 
trance. Based upon solution of subordinate 
problem 1 of SECTION I, it was first 
thought reasonable to differentiate, in the 
regression analyses, between students who 
did and did not attend split sections of lec- 
ture and recitation. However, the results 
of calculations using the Spring and Fall- 
1953 data® showed the zero-order coeffi- 
cients of correlation between scores on 
the entrance variables: ability to reason, 
general scientific knowledge, and mathe- 


5 On the basis of the analyses of variance and 
subsequent ¢ ratio test involving teacher effective- 
ness, 14 additional students were now included 
in Group I. 
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matics ability, and Part I of the final ex- 
aminations to be not significantly different 
between groups. Consequently, the fol- 
lowing were derived: 

(a) An equation based upon the en- 
trance variables for the prediction of stand- 
ard score of Part I of the final examination, 
using the combined data of students who 
took the Spring and Fall—1953 final exam- 
inations. 

(b) An equation based upon the en- 
trance variables for the prediction of stand- 
ard score of Part II of the final examina- 
tion, using the combined data of students 
who took the Spring and Fall—1953 final 
examinations. 

During the derivations, the significance 
of each partial coefficient of correlation was 
determined by ¢ test in order to ascertain 
whether or not one or more independent 
variables ought to have been omitted from 
the predictive equations. The basic regres- 
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sion information used in the derivations 
is shown in Tables III and IV. The sub- 
scripts R, S, M, I and II refer to ability 
to reason, general scientific knowledge, 
mathematics ability, Part I of the final ex- 
amination, and Part II of the final exam- 
M and S.D. signify 


mean and standard deviation respectively. 


ination respectively. 


A summary of results of the multiple re- 
gression analyses is listed below: 

1. The only significant predictor of 
standard score ® for Part I (physics knowl- 
edge) of the physics final examination was 
the entrance examination score for general 


scientific knowledge. The second-order co- 


Jt 


efficient of correlation, rig ny» = .35. 
2. Significant predictors of standard 


score* for Part II (physics problem-solv- 


6 These scores were based upon means of 50 
and standard deviations of 10 for each term. 

7 As in the case of Part I scores, these were 
based upon means of 50 and standard deviations 
of 10 for each term. 


TABLE III 


REGRESSION DATA For 124 StupeNts In Wuicn Puysics 


KNOWLEDGE Is THE CRITERION 


Final Exam. Ability General Scientific Mathematics 
Part I to Reason Knowledge Ability 
M:=49.89 Mr—55.55 Ms=56.39 M w=—59.87 
SD:i= 9.82 SDra= 8.25 SDs—=10.47 SDux 8.62 
rirn—.30 rrs—.24 rsu—.39 
ss ris=.42 reu—.58 

rin =—.29 


TABLE IV 


REGRESSION Data For 124 StupentTs IN WHICH Puysics 


ProsLEM-SoLviInG AsiLities Is THE CRITERION 


Final Exam. Ability 


General Scientific Mathematics 


Part II to Reason Knowledge Ability 
Mu=50.19 Mx=55.55 Ms=—56.39 Mu=59.87 
SDu=10.18 SDra= 8.25 SDs=10.47 SDu= 8.62 
rin=.26 rrs—.24 Tsu—.39 
rus—.41 reu=.58 


rum=.50 
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ing) of the physics final examination were 
the entrance examination scores for gen- 
eral scientific knowledge and mathematics 
ability. The first-order coefficients of cor- 
relation were, respectively, \/a S.M.=.26 
and T1mM.s — AO. 

3. The prediction equation for the stand- 
ard score of Part I of the physics final ex- 
amination was shown to be 

Y; = .39Xg + 27.7 


which the standard error of estimate is 8.9. 


(Score Form) for 

4. The prediction equation for the stand- 
ard score of Part II of the physics final ex- 
amination was shown-to be 

Yun — .24Xs + 47Xy +85 (Score 
Form) for which the standard error of es- 
timate is 8.5. 

5. The coefficient of multiple correla- 
tion for the prediction of the standard score 
for Part II of the physics final examina- 
tion from the entrance examination scores 
for general scientific knowledge and mathe- 


matics ability was shown to be: Ryys.1) = 


ae. 


Test of Regression Equations 


30th regression equations were tested 
using the entrance scores of 49 students 
who took the Spring—1954 final examina- 


tion. Table V contains an analysis of the 


TABLE V 
NuMBER oF ActuAL Scores Wuicu Do Nor 
DEVIATE FROM PREDICTED Scores BY More 


THAN THE STANDARD Error or EstTiMATE 


Part I Part II 

Scores Scores 
Number 36 29 
Actual per cent of 49 re 59.2 
Theoretical per cent 68 68 
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[Vor. 45, No. 4 
results. The percentages, 73.5 obtained 
59.2 for Part I] 
scores, compare favorably with the theo- 
retical value. 


for Part I scores and 


CONCLUSIONS 
The following generalizations may be 
stated for the physics course of the type 
offered at Brooklyn College during the 
course of this investigation: 

1. Physics students whose lecturers are 
the same as their recitation instructors 
show greater achievement in terms of end- 
term than students 
whose lecture and recitation instructors are 


not the same. 


physics knowledge 


2. There is no significant difference in 
achievement in terms of end-term physics 
knowledge between groups who have the 
same or different instructors in recitation 
and laboratory. 

3. In terms of end-term physics prob- 
lem-solving abilities, there are no signifi- 
cant differences in achievement for stu- 
dents who do and do not attend split sec- 
tions. 

4. Students who display a good general 
scientific knowledge at the time of college 
entrance generally have a greater factual 
knowledge of physics at the end of the first 
course in physics than those who do not. 

5. Students who display ability in mathe- 
matics and, to a lesser extent, a good gen- 
eral scientific knowledge at the time of 
college entrance generally show greater 
achievement in terms of physics problem- 
solving abilities at the close of the semes- 
ter than those who do not. 

6. Ability to reason is not significantly 
related either to end-term physics knowl- 
edge or physics problem-solving abilities. 
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PROBLEMS IN SEMANTICS OF IMPORTANCE IN 
SCIENCE TEACHING * 


ALBERT F. 


EIss 


Bureau of Curriculum Services, Department of Public Instruction, 
Box 911, Harrisburg, Pennsylvania 


Statement of the Problem 


that the science 


teacher is faced with the choice between 


4 sometimes appears 
the Scylla of using scientific terminology 
that can be understood only by the elect, 
and the Charybdis of using common words 
having ambiguous meanings. Scientists 
have failed so often to negotiate the treach- 
erous route between these two dangers that 
the average citizen has given up trying to 
understand them, but looks to interpreters 
to explain what the scientists are saying. 
A freelance writer expressed the popular 
opinion of scientists very effectively : 


Like the painter and musician, the scientist 
and engineer live in their private abstruse world 
of technical terms and jargon. These men be- 
come so specialized they no longer find it easy, 
or feasible, to communicate their knowledge to 
the layman’s world.1 


In some cases this is an unfair and un- 
true characterization ; many scientists have 
faced the problem squarely and have 
learned how to express their ideas effec- 
tively in every-day language. This is 
sometimes true, but it is a problem that 
must be solved if we expect to teach our 
students fundamental scientific concepts. 

Word meanings do not present a serious 
problem for science majors at the college 
level. They have both the time and the in- 
centive to acquire the vocabulary necessary 
for effective communication in their field 
of specialization. But it is a serious prob- 


* A paper presented at the Thirty-Second An- 
nual Meeting of The National Association for 
Research in Science Teaching, Hotel Dennis, At- 
lantic City, New Jersey, February 20, 1959. 

1 Harold Stephens, “Technical Writing, a New 
Specialty,” Writer’s Digest, 39:14 (February, 
1959). 


lem in high school science courses and in 
general education science courses at the 
college level. How can we, in a limited 
time, effectively communicate to our sci- 
ence students the ideas of modern science, 
using a vocabulary that is based on the 
concepts of the ancient Greeks? May we 
look to the lecture course for the ultimate 
in effective communication? The lecture 
has been described in the following man- 
ner: “The notes of the professor are trans- 
ferred to the notebook of the student with- 
out passing through the minds of either.” 
Here is unadulterated effective communi- 
cation—the ideas have not been defaced 
by contact with human intelligence. 
Effective communication of ideas often 
breaks down at one of several points: 
(1) The use of a word outside the listener’s 
vocabulary, 


(2) Variation in concepts of word meanings 
among individuals or groups, 
(3) Change of word meaning during an ex- 


planation, and 
(4) The use of teleological and anthropomor- 
phic terminology. 


Scientific Vocabulary 


Advocates of the use of scientific termi- 
nology spend hours teaching a specialized 
vocabulary, as well as special exact mean- 
ings for common terms, and still more 
hours testing their students for mastery 
of these terms. Oftentimes the enthusiast 
spends so much time building vocabulary 
that he has little time to teach concepts 
or principles. A student may learn that 
radiation is “the emission and propagation 
of energy through space or through a ma- 
terial medium in the form of waves” with- 
out having the foggiest notion of what radi- 


ation is or how it behaves. It is equally 
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frustrating to attempt to explain to stu- 
dents many concepts that defy definition 
—such concepts as force, energy, life, and 
genes. 

Many popular science books and ele- 
mentary texts give evidence that complex 
ideas can be expressed in everyday lan- 
guage: to a limited extent, it is true, but 
with a reasonable degree of effectiveness. 
There is a real danger in this approach 
to “popularizing science’: the danger that 
laymen may assume that the explanation 
is exact, rather than an approximate de- 
scription. 

A good example is the statement, “The 
sun rose at 6:50 A.M. on February 18th.” 
Everyone knows the intended meaning of 
this expression, in spite of its being phrased 
in the framework of Ptolemy’s theory of 
the geocentric universe. Try to explain 
this idea in terms of a heliocentric theory. 
You soon find yourself at a loss for words, 
because our ordinary vocabulary is based 
upon the older idea. But most grade 
school children understand that sunrise is 
due, not to the motion of the sun, but to 
the motion of the earth. 

Few scientists insist on terminology that 
exactly describes the phenomenon of sun- 
rise, but for other equally common con- 
cepts they insist on precise definitions, 
even though they may be meaningless to 
the laymen. This, in itself, is a serious 
problem, but it becomes worse when the 
various fields of science give different pre- 
cise meanings to the same term, and the 
nadir is reached when an author or speaker 
uses the same word to connote different 
concepts within a single paragraph. 


Variation in Word Meanings 


There are good examples of these prac- 
tices in both physical and biological sci- 
ences. In physics, weight is defined as the 
force of gravity acting on a given mass. 
In practice, it is measured by noting the 
extension produced in a spring scale by 
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this mass. The word weight is also used 
to mean relative weight, determined by 
using a beam balance to compare the weight 
of the object in question with a standard 
weight. When the first means of measure 
ment is used, the weight of an object will 
vary if measured at the North Pole or on 
the equator, or if measured on the earth 


When _ the 


method of weighing is used, the weight 


and on the moon. second 
will be the same under all these conditions. 

The advanced physics student under 
stands the implications underlying these 
two methods of determining weight, and 
they do not present a serious problem for 
him. But the neophyte is lost when the 
teacher says that the use of the beam bal- 
ance is the legal method of determining 
weight because the obtained value will not 
vary if measured at different places, but 
it will vary if measured on a spring scale. 
He becomes completely lost when he reads 
of the weightless condition of space travel ; 
in fact, few science teachers effectively 
explain this to their classes. The defini- 
tion of weight given by the physics book 
becomes completely meaningless when we 
consider conditions on a satellite falling 
freely through space. Failure to under- 
stand the condition of weightlessness while 
falling through space has caused some 
writers to make the statement that a satel- 
lite goes outside the earth’s gravitational 
field after traveling a certain distance into 
space. 

A possible solution to the problem may 
be indicated by Bridgman’s statement that 
“What a man means by a term is to be 
found by observing what he does with it, 
not by what he says about it.”* Following 
implications of this statement, we might 
explain that the word weight, when used 
by scientists, may have one of three mean- 
ings: relative weight, our legal standard, 


2P. W. Bridgman, Reflections of a Physicist. 
New York: Philosophical Library, Inc., 1955, p. 
.% 
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measured by using a beam balance; appar- 
ent weight measured by a spring scale ; and 
theoretical weight determined by measur- 
ing the gravitational attraction between two 
objects. Once the student understands 
these three distinct concepts, he is far less 
apt to become confused when dealing with 
weight. 

You may ask, “Why don’t we define a 
term and then adhere to the definition?” 
This has been tried without success. For 
example, look at the words engine and 
During World War II it was 
possible to distinguish between mechanics 


motor. 


who had received their training at aircraft 
schools and those who had learned on 
automobiles by their use of these words. 
Even physics teachers who were working 
summers at aircraft plants soon learned that 
airplanes had engines and refrigerators had 
motors. Engineers managed to persuade 
the New York State Bureau of Motor 
Vehicles to ask for engine numbers instead 
of motor numbers. The only hold-out was 
the outboard motor. Although it was never 
renamed an outboard engine, it seemed 
that the engineers had won the battle. But 
at the AAAS meeting in Washington in 
December, a prominent manufacturer dis- 
played a real, honest-to-goodness rocket 
motor. On being questioned, the engineer 
in charge of the exhibit said that the two 
terms are now being used interchangeably. 
So you can see what the outboard motor 
has done to science. 

Some of the simplest terms cause the 
most confusion. Let us look at facts, 
theories, and laws. Conant* has given an 
excellent discussion of these terms as used 
in the physical sciences. Facts, according 
to Dr. Conant, are single items of scientific 
information, usually pointer readings on a 
scale. After large numbers of facts are 
acquired, it is possible to make general 
statements concerning them. If these 

8J. B. Conant, Modern Science and Modern 


Man. Garden City: Doubleday and Company, 
1952, pp. 34-101. 
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generalizations are capable of wide appli- 
cation, they are called Jaws. Explanations 
of how (the procedure) or why (the rea- 
son) a phenomenon occurs the way it does 
is called a theory. (Why, the purpose, 
may not be investigated by scientific 
methods. ) 

The physical scientist is not at all con- 
cerned if his theory does not represent 
what he thinks is reality. If the theory is 
useful and leads the way towards the ac- 
quisition of new knowledge, it is retained. 
If another theory promises to be more 
fruitful, it may displace the earlier one. 
In many cases, both theories have been 
retained for use at different times, the sci- 
entist using whichever is more convenient 
in a given situation. 

In the biological sciences these terms 
are used in a quite different framework. 
The biologist deals with many phenomena 
that are so interrelated that they can 
not be isolated for study. More vari- 
ables are present that are not subject 
to control. In investigating these phe- 
nomena, he develops /ypotheses, which 
are intelligent guesses concerning these 
phenomena. The biologist investigates 
each hypothesis, testing it experimentally. 
If the hypothesis survives this careful 
scrutiny, it may become a theory. At this 
point we find a fundamental difference be- 
tween biological and physical use of terms. 
In the physical sciences theory is an ex- 
planation of phenomena ; in biology, it may 
be either an explanation or a generalization. 
If it is a generalization of wide applicability, 
it may become a Jaw. For example, we 
have the Cell Theory. When first con- 
ceived, it was a hypothesis. As time pro- 
gressed it became established firmly enough 
to be considered a theory. At the present 
time it has achieved the status of a scientific 
law. But it is still called the Cell Theory. 
McAuley* has given a more thorough 


*A. A. McAuley, “Origin of the Cell Prin- 
ciple: An Example of the Growth of Scientific 
Knowledge,” Science Education, 42 :60-65, (Feb- 
ruary, 1958). 
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analysis of the origin of the Cell Theory. 
We also speak of Weismann’s theory of 
the continuity of the germ plasm and the 
germ theory of disease. 

Mendel’s Laws of Heredity were derived 
in the sequence mentioned by Dr. Conant 
for the physical sciences. These laws were 
derived from scientific facts. Theories to 
explain the laws were not developed until 
years later, and even today relatively little 
is known about the units of heredity, the 
genes. 

It appears that in the biological sciences 
the terminology used to describe scientific 
discoveries may be more related to the 
processes of developing the theories or laws 
than it is to related types of ideas. A gen- 
eralization may be called a law if it is de- 
rived directly from phenomena, but may 
be called a theory if the statement was 
initially more obscure and its validity less 
certain. Once it has been described as a 
theory or a law, the original label is often 
retained, even though the accepted status 


of the concept may change. 


Changing Horses in Midstream 


Another aspect of the situation, the pos- 
sibility of a dual meaning of the word 
theory, has resulted in many misunder- 
standings, even among biologists. The 
Theory of Evolution has this dual mean- 
ing. Referring to organic evolution, it 
may mean the principle of evolution, the 
concept that change is characteristic of liv- 
ing things. Or it may mean the process 
by which this change occurs. The first 
mentioned meaning has the status of a 
scientific law ; the second has a status com- 
parable to the theory of nuclear particles 
in physics. 

To a person who is cognizant of this 
dual meaning, it presents no particular 
problem. The context of the statement 
usually indicates which meaning is im- 
plied. Even if an author changes his 
meaning from one sentence to the next, it 
does not present a serious problem. But 
a person who is unaware of the possibility 


[Vor. 45, No. 4 


of a change in meaning may find himself 
unable to follow the thought of the dis 
cussion. It would seem advisable to point 
out to the beginning student these little 
differences in word meanings. ‘This is sel- 
dom, if ever, done. 

As was previously mentioned, these dif- 
ferences do not present any serious prob- 
lem to the science major; he learns the 
vocabulary incident to his particular sci 
ence. His instructors assume that he un- 
derstands it, at least to a limited extent. 
Perhaps he, or his instructors, do not rec- 
ognize that conflict in meaning may exist. 

But the poor general education stu- 
dent finds himself lost in the maze. He 
may find that his physics instructor uses 
terms in a way that contradicts the usage 
of the biology instructor. He may learn 
in physics that laws are generalizations 
derived from scientific facts, only to be told 
in biology that they may be derived from 
theories. The average student may be so 
confused that he does not recognize that 
a contradiction exists. The intelligent stu- 
dent who recognizes the inconsistency is 
not in a position to pursue the investiga- 
tion and determine who is “right.” So he 
struggles along, learning to hate science 
and all that it stands for. 


Teleological Expressions 


Another serious weakness in science 
teaching lies in the use of teleological ex- 
pressions. This has been very adequately 
discussed in a recent issue of Science maga- 
zine.» Because our language is based on 
Aristotle’s and Plato’s philosophies, it is 
often difficult to avoid teleological refer- 
ences. It’s so easy to say that bees have 
stingers for self defense and birds have 
bright plumage for attracting mates. We 
say that water seeks its own level, atoms 
try to reach a stable state, and a falling 
barometer brings bad weather. 

When we talk about science, we out-do 

5A. J. Bernatowicz, “Teleology and Science 
Teaching,” Science, 128 :1402-1405 (5 December, 
1958). 
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ourselves. Science, we say, is working to 
improve living conditions, science tries to 
solve our problems, and science is to blame 
for our troubles. Our treatment of sci- 
ence often becomes so sacred that our ref- 
erences are more nearly anthropomorphic 
than teleological. Here are a few quota- 
tions from a single page of a college science 
text, which will best remain unnamed: 


“ 


Physics gained a firm basis. Astron- 
omy advanced. . . . Science, however, strode 
forward and produced developments, the 
effects of which are still evident on our 
scientific thinking.”’ 

One more common error: Science has 
proved. . How often this statement is 
made! It is a doubde villain—it is both 
teleological and untrue, derived from equat- 
ing science with mathematics or logic. 
That scientific theories may be proved true 
is a false impression given to the average 
reader by science texts as well as by popu- 
lar literature. Medawar states the actual 
situation clearly : 

How then does a scientist prove his hypothesis? 
The answer, now widely accepted, is that except 
in certain limiting instances he never does. No 
concept is so maltreated by lay usage as that of 
proof. In a strictly formal sense, accepted hy- 
potheses remain perpetually on probation; one 
does not prove them true, though one may often 
act as if they were.® 
Most scientific data are statements sub- 
ject to some degree of probability. It 
sometimes appears that the less probable 
the statement, the more emphatically it is 


proclaimed as “scientific truth” and de- 
clared “proved by science.” 

A student must be trained to recognize 
the unspoken implications behind scienti- 
fic statements. If he is unable to do this, he 
does not really understand them. True 
understanding is not easily gained or im- 
parted to others. Class lectures and con- 
ventional laboratory procedures are the 


®P,. B. Medawar, The Uniqueness of the In- 
dividual. New York: Basic Books, Inc., 1957, 
p. 76. 


PROBLEMS IN 


SEMANTICS 347 


most effective methods known for steriliz- 
ing facts and ideas. Today’s textbooks 
are too often a hodge-podge of erroneous 
ideas perpetrated by earlier authors. Our 
courses of study are too often accumulated 
rather than prepared. Here is a fertile 
field for research in education—designing 
and testing new methods of instruction and 
reorganizing content to place more em- 
phasis on understanding and less empha 
sis on vacuous factual recall. Pioneer 
work has been done in this field by some 
educators, but the problem has been merely 
defined, not solved. 


Order from Chaos 


What immediate steps may a_ science 
teacher take to bring order out of semantic 
confusion? The solution certainly does not 
lie in the direction of more involved termi- 
nology and increased vocabulary. Perhaps 
more emphasis on understanding and less 
on the memorization of a mass of facts 
would be a step in the right direction. A 
careful examination of the content of our 
science courses might reveal some changes 
that would make it possible to devote more 
time to helping the student understand the 
basis for various underlying concepts, 
theories, and laws of that particular sci- 
ence. 

We, as science teachers, have a grave 
responsibility to our students. It is our 
duty to provide them with an education 
in the truest sense of the word. This we 
cannot do if we fail to communicate with 
them effectively. We must use words to 
enlighten and inform, and not to confuse, 
our students. We must be precise in our 
terminology and definitions without being 
a bore, and at the same time allow for 
differences in meanings among the various 
fields of science. Does this seem an im- 
possible task? Perhaps it is, but we must 
attempt it, and do our best to achieve the 
goal of preparing our youth for the great 
tasks that lie ahead. 








PROPOSALS FOR THE PROFESSIONALIZATION OF A GENERAL 
SCIENCE COURSE FOR PROSPECTIVE JUNIOR HIGH 
SCHOOL SCIENCE TEACHERS * + 


FRANK QO. YOUKSTETTER 


Wayne State University, Detroit, Michigan 


HIS paper is drawn from a project con- 
T cerned with the development of a plan 
for a professionally treated course in gen- 
eral science, centered around persistent life 
situations, for use at Wayne State Univer- 
sity with prospective teachers of junior high 
The general science course 
proposed in the study is an attempt at de- 
veloping a meaningful and significant plan 
that does present its purpose and shows 


school science. 


how the principles of learning are utilized 
in its development. The three concepts 
considered in the development of the course 
organization are the areas of general edu- 
cation, professionalization of academic con- 


tent, and persistent life situations. 


An Overview of the Stated Problem 


In order to delimit the study at this 
time, the investigator has chosen to con- 
sider only the concept of professionaliza- 
tion of academic content in today’s presen- 
tation. 

The concept of professionalization of 
academic content has been a controversial 
issue in teacher education for many years. 
Educators have differed and continue to 
differ in their definition of professionalized 
academic content. This paper has two main 
purposes: (1) to define professionalization 


* Taken from Frank O. Youkstetter, “A Plan 
for a Professionally Treated Course in General 
Science, Centered Around Persistent Life Situa- 
tions, for Use at Wayne State University with 
Prospective Teachers of Junior High School 
Science,” typewritten Doctor of Education proj- 
ect report, New York, Teachers College, Colum- 
bia University, 1958. 

+A paper presented at the Thirty-Second An- 
nual Meeting of The National Association For 
Research in Science Teaching, Hotel Dennis, At- 
lantic City, New Jersey, February 21, 1959, 
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of academic content as the term is used 
in science education, and (2) to offer spe- 
cific proposals for professionalizing the gen- 
eral science course. 


Professionalization of Academic Content 


Defined 


When academic content course 
professionalized, the academic content is 
not changed, but its meaning—its organiza- 


an is 


tion within the prospective teacher’s mean- 
ing—is significantly different. 
alization of academic content seeks to give 
added meaning to the content material, 
namely, indiciating the significance of the 
content as it will be used professionally. 
For example, when the area of plant life is 
being developed, the prospective teacher, 
in addition to gaining a thorough under- 
standing of the academic content area, will 
also be helped to discover ways of develop- 
ing the principles and generalizations im- 
portant at the varying maturity levels of 
the junior high school youth they will be 
teaching. 


Profession- 


Thus the course might include 
discussions of food values, plant ecology 
and identification of such plants as com- 
These 
areas would not normally be considered in 


mon weeds, trees, and wild flowers. 


Again it must 
be stressed that these areas are an addi- 


a general academic course. 


tional though integrated part of the course 
and that the content dealt with is on the 
collegiate level—not the content to be used 
with junior high school youth. 





The questivn can 
teach the 
content in separate 


be raised, “Why not 
academic and the professional 
courses?” Efficiency 
of learning is one of the major values in 
Methods 


professionalizing content. of a 
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subject area cannot be taught without the 
use of content, therefore it seems advan- 
tageous to develop content and methods 
together. If, in the presentation of con- 
tent, the occasion arises for the develop- 
ment of paritcular teaching methods, time 
can be taken to develop these methods. 
This will make both the content and meth- 
ods more meaningful to the prospective 
teacher. Professionalization of content 
eliminates the necessity of repeating back- 
ground material to present a particular 
method. It is hoped that the time saved in 
such presentation will allow for a more 
thorough treatment of the course content. 

Thus the purposes of general and profes- 

sional education can be most propitiously 

realized. 

In summary, professionalization of aca- 
demic content consists of developing the 
content necessary to realize stated pur- 
poses of general or liberal education plus 
an additional examination of the content 
areas in order to help prospective teachers 
gain an acquaintanceship and understand- 
ing of: 

1. Content that is significant in helping to 

answer the questions and meet the needs of 
the students they will be teaching. 

. Methods and materials that will be useful in 
guiding learning experiences of the students 
they will be teaching. 

3. Resources available that are helpful in build- 

ing competencies of the students they will be 

teaching. 


N 


Professionalization is more than “ways of 
treating subject matter.” 
lating of content to the purposes of the 
learner through methods appropriate in 
the particular situation, and secondly a 
raising of this process to the level of re- 
flective inquiry on the part of the student 
in teacher education. 


It is first a re- 


Proposals for the Professionalization of 
Content 


As proposed in this study, professionali- 
zation of academic content should be an 
integral rather than an added part of the 
course. In the development of the various 
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content areas, time will be spent in exam- 
ining the interests, problems, concerns, and 
needs of junior high school youth, and how 
these can best be handled in the teaching 
situation. This professionalized approach 
should in no way reduce or confine the aca- 
demic content that is to be developed. 
Rather, such an approach should make the 
course more meaningful and give greater 
depth of understanding in the various con- 
tent areas. The following are some of the 
ways in which an academic content course 
might be professionalized. 
1. Opportunity can be provided for students to 
discuss and evaluate the various methods 


used by the instructor and class in develop- 
ing the indivdual units 


Since the college students are participat- 
ing directly in a learning situation, they 
can at times stand off from the on-going 
teaching-learning process and evaluate the 
methods and techniques being used to help 
them work on their problems and concerns. 
The strengths and weaknesses of the dif- 
ferent methods used can be evaluated. The 
students can discuss the problems involved 
in using particular methods, and can de- 
velop guides to help in the selection of 
appropriate methods for use in different 
learning situations. 

2. Experiences can be provided that will give 
the students opportunity to do group teach- 
ing. 

During the course, opportunities can be 
given the class members to assume leader- 
ship in the on-going class work. Although 
these experiences cannot substitute for 
direct experience in teaching junior high 
school youth, they can give the student con- 
fidence in his ability to guide a learning 
situation effectively. They can also be 
used as a basis for guidance. The instruc- 
tor or the class may discuss the strengths 
and weaknesses of the presentation and 
offer suggestions for improvement. How- 
ever, to have a class evaluate every pres- 
entation can result in loss of group inter- 
est; group evaluation should be used only 
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when there is some assurance that effective 
learning will result. This would be indi- 
cated by questions from members of the 
class or group needs recognized by the 


instructor. 


3. Experiences can be provided that will allow 
students to relate work with adolescents to 
the material being dealt with in the college 
class. 


Some of the students might be engaged 
in student teaching while enrolled in the 
course. They can be encouraged to raise 
questions about their student teaching ac- 
tivities. If appropriate, these questions 
can be used in class; at other times they 
may be handled by the use of small inter- 
The 


de- 


est groups or individual conferences. 


student teachers can also contribute 
scriptions of the way various classroom 
experiences developed — what problems 
arose, how they were met, and the kinds 
of activities used in developing work in the 
under consideraton in 


area the college 


class. 
4. Experiences can be provided that will allow 
the students to relate what has been dis- 
cussed in adolescent psychology (human 
growth and development) to youth’s inter- 
ests and concerns in the science area under 
discussion. 

In discussing the different areas covered 
in the general science course, time can be 
given to consideration of: (1) the particu- 
lar areas of science that affect the lives of 
early adolescents; (2) aspects of the area 
that are of special interest to adolescents ; 
and (3) problems of youth that might be 
related to the content area under consid- 
eration. 

With an 


problems, interests, and concerns that re- 


understanding of adolescent 
quire science concepts, the question of how 
youth learn can be approached more mean- 
ingfully, and more functional experiences 
can be planned. Ways of handling individ- 
ual differences and interests within a con- 
tent area can be considered, and the use 
of different experiences to provide for 
growth in self-direction can be’ discussed. 
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5. Experiences can be provided that will allow 
the students to observe adolescents in learn 
ing situations. 


Directed observation of youth at work in 
a variety of learning situations can help 
the 
being carried on in their own class to thei 
future roll They 


can observe how science areas are devel- 


students to relate activities that are 


as classroom teachers. 
oped by a classroom teacher and ways 
youth work on problems through such ac 
tivities as individual and group work, ex 
perimentation, field trips and securing and 
using community resources. To be ef- 
fective, such observations will take a va- 
riety of forms. In some instances indi- 
vidual students or small groups may spend 
extended periods of time observing a class. 
At other times, the instructor may wish to 
provide a common experience for the en- 
tire class in order to develop a particular 
point. Therefore, direct observation will 
rise from the needs of individual students 


within the college learning situation. 


6. A course focused on the preparation of 
teachers for work in junior high schools can 
allow a more thorough exploration of areas 
that are important in the lives of young 
adolescents. 


If a course in general science is pro- 
fessionalized for prospective teachers of 
junior high school science, it will allow 
time for a deeper examination of certain 
science areas that studies have shown to 
be of concern and interest to young adoles- 
cents. For example, junior high school 
youth have special interests in such areas 
as animal pets, astronomy, diet, their own 
developing bodies, and electricity. Through 
experiences necessary to gain an under- 
standing of these areas, basic science gen- 
eralizations and principles will be devel- 
oped. 

7. Experiences can be provided that will allow 
the students to become acquainted with ref- 
ences that will be an asset in a professional 
library. 


During the development of the various 
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units, the student will use a variety of 
resources in order to work on the prob- 
lems under discussion. They can be en- 
couraged to keep a record of those refer- 
ences that may be helpful to them in their 
teaching situation. They can be given op- 
portunity to become acquainted with pro- 
fessional journals and articles. Notations 
concerning those references which will be 
helpful when they become teachers can be 
made. 


8. Experiences can be provided that will allow 
the students to become acquainted with 
teaching materials appropriate for use with 
adolescents—written resource material, films, 
filmstrips and textbooks. 


As each area is being considered, time 
can be given to an investigation of books, 
articles, and free and inexpensive material 
that are appropriate resources for use with 
adolescents. The Detroit Board of Educa- 
tion and other metropolitan school systems 
can be visited to find out the current polli- 
cies in regard to the use of materials that 
contain advertising. Some students inter- 
ested in free classroom materials available 
from commercial concerns can send for 
samples of these materials. The materials 
sent for can be evaluated, findings can be 
reported to the class, and displays can be 
set up to provide other students with an 
opportunity to benefit from a group’s in- 
vestigation. Groups of students can de- 
velop annotated resource bibliographies in 
the area being studied. 

Suitable films and filmstrips in the area 
of science being explored may be reviewed 
and evaluated by the class. The class may 
develop criteria for the selection of films 
for science use. A group of students may 
preview and prepare an annotated catalog 
of available films and filmstrips. 

Students can be given opportunities to 
become acquainted with the variety of sci- 
ence textbooks available for junior high 
school youth. These textbooks can be 
evaluated in relation to content and what is 
known about adolescents—their interests, 
their needs, and the way they learn. 


PROFESSIONALIZATION 
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9. Experiences can be provided that will en- 
courage the students to become familiar with 
literature written for early adolescent leisure 
reading in the area of science. 

Becoming acquainted with literature re- 
lated to science that is of interest to junior 
high school pupils has a twofold purpose. 
First, it is another way in which the pros- 
pective teachers can become aware of the 
special interests of early adolescents. Sec- 
ondly, some juvenile literature written pri- 
marily for leisure reading can serve as ex- 
cellent reference material and can often be 
used as a stimulus to develop an interest 
in reading and in science. 

10. Experiences can be provided that will allow 
the students to become acquainted with 
community resources which will be help 
ful in teaching sttuations, such as those 


involving field trips into the community 
and the use of resource people 


Students can discuss the variety of pur 
poses for taking field trips. They can plan 
for and gain information through their own 
field trips into the community—visiting 
museums, observing in classrooms, con 
dueting surveys, contacting community 
agencies, or laying out a nature trail. As 
a result of participating in class field trips 
into various parts of the city or state, the 
students can evaluate their own experience 
in terms of meaningful learnings that have 
accrued. The problems faced in planning 
field trips with youth can be considered. 
The values of whole class, small group, or 
individual field trips can also be discussed. 
Students can be given experiences in plan- 
ning and taking responsibility for field 
trips their class will take. As an out- 
growth of these experiences, the group of 
prospective teachers might dey elop a list of 
community resources that can be useful 
in work with adolescents. 

The effective use of resource people is 
another area with which future teachers 
can be helped. Resource people can be 
asked to work with the school for many 
different reasons. Among them might be: 


(1) They may have information that is 
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not available through any other source. 
(2) They may be able to present material 
such as personal experiences, specimens, 
motion pictures, models, or slides that 
would not be otherwise available. (3) 
They may hold a particular point of view 
that the class would be interested in hay- 
ing discussed. (4) They may be well 
known in a particular area and an author- 
ity in the field. 

Some of the problems of using resource 
people can be discussed, such as identifying 
and locating resource people, scheduling 
time that is convenient, helping the re- 
source person sense the group need and 
for the purpose which he is asked to come, 
planning for introducing, accommodating, 
and thanking a resource person. Students 
can be provided experiences in securing 
resource people for use in the college class. 
Later the group can report their problems 
and the values derived from the resource 
person’s visit and can discuss the kinds 
of responsibilities junior high school youth 
can take in securing and using people and 
other community resources and the guid- 
ance they may need. 

Through such experiences students will 
contact resources to find answers to their 
problems, become acquainted with the var- 
ious resources in the community and with 
the effective use of resources. These ex- 
periences will in turn help them guide 
the learning experiences of junior high 
school youth. 


11. Experiences can be provided that will allow 
the student opportunity to develop and con- 
struct simple teaching materials. 

There is a variety of simple materials 
that can be useful in classroom situations 
in teaching science. No attempt should be 
made to have all of the students construct 
a given number of the same teaching mate- 
rials. However, opportunity can be given 
that will allow students to observe simple 
devices that can help promote understand- 


ing in certain learning situations.- Through 
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example, the instructor can use some ot 
these devices in his own teaching and then 
suggest ways in which they might be pre- 
pared. Some of the material that could be 
developed for future classroom use are 
planispheres, small aquariums, lantern 
slides, charts, photographs, and 35 mm. 
slides on different topics. Demonstrating 
motors, models, and cutaways can be con- 
structed. Collections can be made.  In- 
terested student groups can work on joint 
projects, and at times these experiences can 
be shared with the whole class. 

A general science course with the as- 
pects of professionalization suggested here 
would be helpful in the professional prepa- 
ration of the prospective junior high school 
teacher of science, and the content pro- 
posed would be markedly different from 
the academic science courses he will be 
taking. In the professionally treated gen- 
eral science course the student will be able 
to see, in the unfolding of the course, con- 
tent areas and ways of working with stu- 
dents that will be applicable to his future 
role as a teacher. 


Implications for Continued Study 


Many educators will agree that there 
are advantages to professionalizing aca- 
demic content at the time it is developed 
in a teaching-learning situation. The point 
of disagreement is often about the who and 
the how—‘Who shall teach a professionally- 
treated academic course?” and “How shall 
it be professionalized?”” The problem of 
who shall teach a_professionally-treated 
academic course was not touched upon be- 
cause of the necessity of delimiting the 
study. However, there is a need to ex- 
plore what preparation is necessary for 
teaching a professionally-treated academic 
content course. More study is also neces- 
sary in determining creative ways of pro- 
fessionalizing academic content courses; 
for example, team teaching might be a 
way by which the expert in the academic 
field and the expert in teacher education 
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might work together, one developing aca- 
demic content necessary for general or lib- 
eral education, while the other develops 
correlated content that would profession- 
alize the course. This study has discussed 
the values and the advantages, and has 
made some specific proposals for ways of 
professionalizing academic content. As 
experience is gained in the professionali- 
zation of content, these proposals and vari- 
ous others need to be tested and improved. 

Progress in curriculum improvement in 
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all areas of education must be made 
through developing new conceptual schemes 
and combining and refining existing pat- 
terns in creative ways. The solution to 
the problems of “What to teach?” and 
“How to teach?’ cannot be found for 
all time and all situations; but educators 
must continuously redefine the purposes 
of education and relate these purposes to 
what is known about learning in develop- 
ing educational experiences for and with 
students. 


A PROPOSED SCIENCE PROGRAM FOR GENERAL EDUCATION 
AT CASTLETON TEACHERS COLLEGE, 
CASTLETON, VERMONT * 


RicHARD ALEXANDER SLEEMAN 


North Adams State College, North Adams, Massachusetts 


BACKGROUND OF THE STUDY 

HE investigator began this study as a 
T result of an evaluation of Castleton 
Teachers College by the New England As- 
sociation of Colleges and the American As- 
sociation of Colleges for Teacher Educa- 
tion. Their findings indicated that the 
present science program needed a revision 
in the light of current trends. 

PURPOSE OF THE STUDY 

It was the purpose of this study to deter- 
mine what science program should be 
offered for general education at Castleton 
Teachers College. 


BASIC ASSUMPTIONS 


Four assumptions formed the founda- 
tion for this investigation: 


* A paper presented at the Thirtieth Annual 
Meeting of the National Association for Re- 
search in Science Teaching, Hotel Claridge, At- 
lantic City, New Jersey, February 16, 1957. Based 
on Document in Partial Fulfillment of Require- 
ments for the Degree of Doctor of Education, 
New York University, 1955. 


4 


(1) General Education is desirable. 

(2) The Castleton Teachers College definition 
of general education is acceptable for 
Castleton Teachers College. 

(3) Science experiences should contribute to 
the attainment of general education ob- 
jectives. 

(4) Every school has certain specific needs for 
science experiences in general education 
that are unique. 


PROCEDURE 


In order to propose a science program 
for general education, it was necessary to: 
(1) Determine the criteria for general educa- 
tion. 
(2) Evaluate the present science program. 
(3) Determine what the science program of 
general education should be. 


The investigator began with the Castle- 
ton definition of general education. He 
extracted the key ideas from the definition 
and searched literature for the purpose of 
attaching a more precise connotation to 
these key ideas. The key ideas were: gen- 
eral education program, mature concept of 
the culture, nature of the society, relation 
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to the world as a whole, and responsibili- 
ties as a citizen. The clarified statements 
were more functional than the original 
ones in the implementation of the general 
statement of the Castleton Teachers Col- 
lege faculty. The technique used was to 
formulate a tentative list of clarified state- 
ments as a result of checking the above- 
mentioned key ideas found in books, cata- 
logues, journals and reports of various 
commissions and committees in the fields 
of general education and science. 

Since general education is an all-college 
en‘erprise, all faculty members must share 
in the program to a greater or less degree. 
Hence, the investigator listed the proposed 
clarified statements in questionnaire form 
and distributed them to the Castleton 
Teachers College faculty for their responses 
and comments. Space was provided on the 
questionnaire for comments, corrections, 
and/or changes after each clarified state- 
ment. The Castleton faculty could add 
clarified statements not mentioned by the 
investigator. The items checked in the 
questionnaires represented faculty approval 
of the clarified statements of general edu- 
cation. 

The investigator formulated 23 criteria 
(stated as objectives) of general education 
by reviewing, integrating and synthesizing 
the list of approved clarified statements of 
the Castleton definition of general educa- 
tion. The technique used by the investi- 
gator was to formulate criteria which em- 
phasized a specific statement and/or sev- 
eral clarified statements of the Castleton 
definition of general education. In this 
manner the investigator formulated twenty 
criteria. These criteria were compared to 
the ten major objectives of general educa- 
tion that appeared in “A Design for Gen- 
eral Education,” ! the criteria of general 
education that appeared in Bergman’s 


1 American Council on Education, A Design 
for General Education, Series I, Reports of Com- 
mittee and Conferences III, Number 18 (June 
1944), pp. 31-50. 7 
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Study,? Harvard University,* and thi 
President’s Commission on Higher Educ: 
tion.* As a result, three additional criteria 
of general education were added to the list 
making a total of twenty-three criteria. 

Each formulated criterion was stated so 
that it could be used as a basis for selecting 
science experiences that would clearly re 
flect the elements of general education as 
conceived in the broader statement. These 
elements are considered as they would func- 
tion in a program of science education 
planned in accordance with currently ac- 
cepted principles of learning. 

The twenty-three criterion were put in 
questionnaire form, together with a copy 
of the approved statements, and distributed 
to four leaders in general education for 
their responses and comments. These edu- 
cators were requested to indicate on the 
questionnaire if they accepted each of the 
twenty-three formulated criteria of general 
education in terms of the extent to which 
the criteria reflect one or more aspects of 
general education as conceived by the 
Castleton Teachers College faculty. Pro- 
vision was made for the jury to add any 
criteria not mentioned by the investigator. 

A comparison of the present science pro- 
gram with the validated criteria of general 
education seemed to show that it was in- 
adequate to achieve these objectives be- 
cause of its traditional organization. There 
appeared to be few types of activities which 
would lead to the objectives of general 
education as stated in the study. There- 
fore, the investigator believed that it would 
be impossible to patch up the present sci- 
ence program to do the job indicated by 
the criteria of general education. 


2 George J. Bergman, “Determination of Prin- 
ciples of Entomology for General Education.” 
Ph.D. thesis, New York University, 1946. p. 108. 

3 Report of the Harvard Committee, General 
Education in a Free Society. Cambridge, Massa- 
chusetts: Harvard University Press, 1945, p. 80. 

4“The Report of the President’s Commission 
on Higher Education,” The Educational Record, 
XXIX (January, 1948), pp. 107-122. 
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The existing science program, at that 
time, was found to be dominated by the 
traditional psychological and educational 
theory and did not facilitate the acquisi- 
tion of such learning products as_think- 
ing, initiative or self-direction which are 
generally considered to be highly impor- 
tant in a democracy. The science program 
was not related to helping young people 
solve the problems facing them. Finally, 
it was not attaining the goals of general 
education accepted by the faculty of the 
college. 

The proposed science program was 
based upon the problem approach. This 
means that teaching is centered on the iden- 
tification, clarification, analysis, and solu- 
tion of problems by teachers, students or 
both. It means also that the method of 
learning and teaching employed is a prob- 
lem-solving method. Further, it means 
that content is selected, organized and 
learned in terms of its uses in understand- 
ing and solving problems chosen as areas 
of instruction. 

The kinds of problems selected as areas 
of instruction have great importance. On 
the social-psychological side, the problem 
approach assumes that current and future 
problems, personal or social, are to be se- 
lected as foci of instruction. In this sense 
a problem can be thought of only in rela- 
tion to an individual or a group of in- 
dividuals. An unresolved situation is not 
necessarily a problem situation. It is prob- 
lematic only if its resolution is of concern 
to someone. 

What problems are currently important 
and will probably be important in the future 
requires a careful study of contemporary 
society in its problematic aspects and of 
students in their present involvements in 
that society. The objectives of general ed- 
ucation as developed in this study were 
used as criteria for making decisions as to 
what problems should be studied. On the 
methodological side, problems are further 
selected in terms of the opportunities they 
present tor students to improve their abil- 
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ities to use cooperative and scientific meth- 
ods in facing and solving personal and 
social problems. Factors such as develop- 
mental maturity, previous experiences with 
problem-solving, local limitations, and fa 
cilitations of free and objective inquiry 
condition the selection of problems for 
study. 

The specific outcomes of problem-cen 
tered instruction will vary with the par 
ticular problems selected for study. The 
kinds of specific outcomes are clarified and 
critical attitudes, increased scientific knowl- 
edge, and augmented skills on the part of 
the students relative to the control of the 
environment in which they live. The gen 
eral outcome might be stated as a growing 
discipline in scientific and cooperative 
methods for helping to define and solve 
personal and social problems as they arise. 
Ability to think cooperatively and_scien- 
tifically is urged as a desirable learning 
outcome in many approaches to instruction. 
It becomes the central general aim in the 
problem approach. 

Though the detailed methods and _ tech- 
niques of problem-solving vary as the prob- 
lems vary, certain elements appear to be 
commonly used in the solution of most 
problems. Among these elements are rec- 
ognition of a problem; defining a prob- 
lem; separation of the problem from re- 
lated problems; collecting evidence, facts 
and principles related to the problems; 
organizing the pertinent facts to show their 
bearing on the problems; stating reason- 
able hypotheses ; examining the hypotheses 
in terms of data; arriving at a conclusion 
in terms of available information, and ap- 
plication ; further testing or use of the ten- 
tative conclusion will determine whether 
the hypohtesis is acceptable and the con- 
clusion sound. 

The underlying assumption for using 
the problem approach in this science pro- 
gram is that the students will teach better 
if they have grappled with the common 
problems of people living in our society, 
have become acquainted with the contro- 
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versial issues about which present knowl- 
edge is inadequate, and have organized 
their own thinking and attitudes with re- 
spect to both what we know and what we 
do not know. 

The investigator was confronted with 
the necessity of identifying persistent prob- 
lems in the basic areas of living which 
have important applications to the criteria 
of general education. Since the science 
program will be operating in Vermont, 
and since most of the students will prob- 
ably live and work as professional people 
in some area of this state, the investigator 
identified several problems facing the 
people in Vermont. The best source for 
helping the investigator identify the prob- 
lems was the various state agencies in the 
State of Vermont. The investigator con- 
tacted these agencies as well as commis- 
sioners, directors and various organiza- 
tions for the purpose of identifying per- 
sistent problems. 

From the materials obtained from the 
above-mentioned sources, the investigator 
selected and listed problems which were 
facing the people of Vermont as viewed 
by the various state departments, organiza- 
tions and agencies operating within the 
state. These data were then summarized 
and analyzed for the purpose of formulat- 
ing problems which have persisted for the 
past five years and are likely to continue 
as future problems. There were many 
specific problems identified which were 
grouped into twenty-one problem-areas. 
A problem-area, for purposes of this study, 
meant a cluster of closely related specific 
problems. The problem-areas were phrased 
by the investigator so as to challenge both 
the instructors and students. 

It was evident that the science program 
could not deal with all of the identified 
problem-areas. Many factors such as the 
limitations of time, administrative policies, 
and the fact that some of the problem-areas 
may not require principles of science for 
their solution had to be considered. There- 
fore, the investigator formulated criteria 
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for the purpose of selecting problem-area 
which would be used in the proposed sci 
ence program at Castleton Teachers Coi 
lege. The criteria were drawn up by an 
examination of the objectives and purpos 
of this study and through discussion wit! 
science education specialists. These cri 
teria were validated by a competent jury 
of four members in terms of the extent to 
which they could be used for selecting 
problem-areas. 

Applying the validated criteria to the 
twenty-one problem-areas, fourteen met 
the criteria and were selected as the basis 
for the organization of the proposed sci 
ence program for general education at 
Castleton Teachers College. Following is 
a typical accepted problem-area: 

How can we utilize our knowledge of 
atomic energy in a civil defense program? 

(a) What equipment could be constructed for 

use in an effective civil defense program? 

(b) How can we set up a dependable com- 
munications system capable of handling a 
large volume of traffic in case of attack? 
How can the public be made to understand 
the full concept of civil defense and its 
value to them? 


(c 


The proposed science program is an ex- 
perience-centered program; i.e., it provides 
for real and meaningful experiences in the 
physical, biological and social environment. 
As a result of the various experiences, 
students will be expected to become ac- 
quainted with, and learn to use many facts 
related to the problem-area under consider- 
ation. However, if nothing is done with 
the facts by instructors and students, there 
is a possibility they soon will forget them. 
Therefore, the students should be guided 
to relating the facts to principles or gen- 
eralizations which then can be applied to 
the solution of the problem under consid- 
eration. 

At the end of each problem-area the 
investigator included some pertinent prin- 
ciples of science. The technique used by 
the investigator for selecting the prin- 
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ciples was to review Martin’s list,® of one 
hundred major principles of the biological 
sciences of importance for general educa- 
tion; Wise’s list® of one hundred prin- 
ciples of physical science of importance for 
general education; and Glidden’s list? of 
principles of soil and water. The investi- 
gator selected those principles which ap- 
peared to be germane to the solution of the 
accepted problem-areas. It was not the in- 
tention of the investigator to prepare an 
exhaustive list of principles, but rather a 
sampling so that they may act as guides 


for the instructors concerned. 


CONCLUSIONS 


In the light of the findings presented 
in the study, and in keeping with the scope, 
procedure and limitations of the investiga- 
tion, the following conclusions seemed to 
be warranted : 


5 Edgar W. Martin, “A Determination of the 
Principles of the Biological Sciences of Impor- 
tance for General Education.” Science Educa- 
tion, 29:100-105; 152-163. (March, April-May, 
1945). 

® Harold E. Wise, “A Synthesis of the Results 
of Twelve Curricular Studies in the Field of Sci- 
ence Education.” Science Education, 26 :67-76, 
(February, 1943) ; 27 :87-94, (September and Oc- 
tober, 1943). 

7 Harley F. Glidden, “The Identification and 
Evaluation of Principles of Soil and Water Con- 
servation for Inclusion in the Secondary School 
Curriculum,” Science Education, 39:146-147, 
(March, 1955). 
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(1) There is a need for a science program 
designed for general education at Castle- 
ton Teachers College since it has been 
shown that the present one does not meet 
the criteria of general education as stated 
in the project. 

Immediate implementation of the pro 


N 


posed science program may develop a bet 
ter understanding of scientific concepts; 
may lead to a better understanding and 
control of the natural environment; and 
may develop more lasting interests and 
attitudes. The results of the proposed 
science program should have practical ap 
plication and should contribute to critical 
thinking 


RECOM MENDATIONS 


This study led to the general recom 
mendation that, in teaching the proposed 
science program, more attention be paid 
to the needs of the learner, to the problems 
which confront the people of Vermont, to 
providing for a variety of first-hand ex- 
periences for the students, and to the social 
implications of science. For purposes of 
general education, it is recommended that 
the proposed science program be used be 
cause it may help develop interest on the 
part of the students, may lead to a func- 
tional understanding of science concepts, 
may demonstrate possibilties of practical 
application, may lead the student to under- 
stand his environment better, and may con- 
tribute to critical thinking by presenting 
vital problems in relations to the life of the 
people in Vermont. For these reasons, it 
would seem wise to incorporate it into the 
curriculum at Castleton Teachers College. 


FUNDAMENTAL SCIENCE COURSE: 
THE NATURE OF THINGS 


DoNALD SCHWARTZ 


Moorhead State College, Moorhead, Minnesota 


ee many students complete the require- 
ments for undergraduate degrees in 
chemistry, physics, biology and other sci- 
ences failing to see the integration of sci- 
ence in a vast universe of inter-related liv- 
ing and non-living things. This course, 


“The Nature of Things,” recommended to 
all our students both science and non-sci- 
ence majors, is planned to develop the un- 
derstanding of and give practice in scienti- 
fic methodology and its open-minded, sys- 
tematic and critical approach to problems ; 
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to provide perspective of the student’s own 
place in an ever changing scientific world; 
and to help him see that chemistry, physics, 
biology, and geology are very closely in- 
terwoven. 

The course is arranged in a three quar- 
ter sequence. Major contributions of each 
field of science are organized for presen- 
tation around selected themes. These 
themes are termed the teaching units of the 
individual courses. A panel of science pro- 
fessors introduce the themes and they are 
followed by panel discussions and a more 
detailed study of the material in smaller 
sections. Some laboratory work and dem- 
onstrations are offered in the _ smaller 
groups. 

The year course is divided into three 
quarter courses of 4 quarter hours each. 
The courses are divided as follows: 

Fall Quarter—Key Concepts 

Unit A—Primary Components 

Unit B—Transformation of Primary Com- 
ponents 

Unit C—Cycles of Nature 

Unit D—Origin and Development of Nat- 
ural Resources 

Winter Quarter—Development and Inter-rela- 

tonships 
Unit A—Variation Through Organization 
Unit B—Processes of Change 
Unit C—Variations and Its Limitations 
Unit D—The Broadening Concept of Nat- 
ural Resources 

Spring Quarter—Significance and Direction 

Unit A—Unification in Science 

Unit B—Creative Modification 

Unti C—Unsolved Problems 

Unit D—Man and His Role in the Atomic 
Age 

The units covered in “Key Concepts” 
center around basic contributions of each 
field of science and show how they can be 
integrated. The first unit, “Primary Com- 
ponents,” introduces the student to the 
structure of atoms and molecules; the 
physics lecturer discusses measurements 
and units; 


; biology characterizes its build- 
ing block as the cell; and geology considers 
the atmosphere, hydrosphere, and_litho- 
sphere. Chemical and physical changes of 
matter are discussed in the chemistry lec- 
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tures in the unit dealing with “Transfor 
mation of Primary Components.” The lec 
turer in physics primarily deals with the 
transformation of energy which covers in 
some detail chemical energy, heat energy, 
electrical energy, and nuclear energy. In 
biology, photosynthesis, respiration and re- 
production are discussed. The geology 
lecturer discusses geologic transformation 
that includes diastrophism, volcanism and 
like processes. 

“Cycles of Nature” are exemplified in 
chemistry by the study of the nitrogen 
or carbon cycles. In physics, astronom- 
ical cycles are discussed, namely rotation 
and revolution of the earth. The repro- 
ductive cycle which includes mitosis and 
meiosis are introduced in biology. Moun- 
tain building introduces erosion, magnetic 
movements and the rock cycle theories, in 
the field of geology. 

The first quarter’s work is completed by 
informing the student of nature’s formation 
of our natural resources such as the deposi- 
tion of petroleum, coal, natural gas, sulfur 
and iron; natural radioactivity; minerals 
in sea water; importance of geographic 
factors in development of resources; and 
biotic potential and environmental factors. 

The second quarter’s work deals with 
“Development and Inter-relationships.” In 
the first unit, “Variation Through Organi- 
zation,” the student is introduced to the 
periodic table and the chemical equation; 
the Laws of Motion and the Law of Uni- 
versal Gravitation; the organization of the 
individual, animals and plants; and in the 
geological realm the student learns of the 
divisions of geologic time and the Prin- 
ciple of Uniform Change. 

In the unit on “Processes of Change,” 
chemical equilibrium, Le Chatelier’s Prin- 
ciple and reaction rates are introduced. 
The physics lecturer goes into the physical 
state of matter or discusses temperature, 
pressure, position or time. In biology, the 
principles of Gregor Mendel are discussed 
and the student is introduced to human 
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inheritance. Reconstruction of the earth’s 
history is discussed as a geological subject. 

The unit on “Variations and Its Limita- 
tions” goes into the theory of valence a bit 
more deeply and illustrates valence theory 
by examination of some groups of the pe- 
riodic table. In the field of physics, the 
student is introduced to the electromag- 
netic spectrum and in biology, linkage, 
crossing over, limear order, and the multi- 
ple effects of single genes are studied. 
Geology can unfold  uniformitarianism, 
and delve into the history of plants. 

The second quarter’s work comes to a 
close with the study of “The Broadening 
Concept of Natural Resources.” The stu- 
dent is made aware of the increased use 
of petroleum, coal, radioactivity and new 
resources not known to man a century ago. 
A central topic such as ““Man’s Food Sup- 
ply” may serve to alert the student to the 
integration of the sciences. 

The final quarter’s work deals with “Sig- 
nificance and Direction.” The “Unifica- 
tion of Science” is illustrated by discus- 
sions of the theory of the physical states 
of matter as expanded on by both lectur- 
A study of 
the nervous system certainly serves to il- 
lustrate the overlapping of physical, chem- 
ical and biological phenomena. The study 
of organic evolution from pre-fish life helps 
to show the relationship of geology with 
the other sciences. 

“Creative Modification” will serve to 
introduce the students to organic chemis- 
try by studying some of the synthetic plas- 


ers in chemistry and physics. 


tics, antibodies or exotic fuels. The physi- 
cist can discuss electrons in motion thus 
introducing the electric current, the Edi- 
son Effect, electrode tubes and the Photo- 
electric Effect. Biology can deal with the 
Darwinian Theory, Population Dynamics 
and Evolutionary Thought. The general 
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field on conservation can be discussed as 
a geological subject. 

The “Unsolved Problems” of the sci- 
ences can also serve to show the depend- 
ence of. the sciences on each other. The 
architecture of the atom, the assumptions 
used for understanding the many theories 
of electrons, valences, and chemical combi- 
nation is discussed. The nature of light, 
its velocity, diffraction, reflection, refrac- 
tion, polarization and propagation is in- 
troduced to students as a problem that the 
physicist is not alone concerned about. 
The geologist and biologist jointly discuss 
fossil man, Neanderthal Man and Modern 
Man and their evolution. 

The final unit, “Man and His Role in 
the Atomic Age,” is utilized by panels, 
completely conducted by the students. The 
students are exposed to scientific literature 
by preparing oral or written reports or by 
holding classroom discussions on some of 
the following subjects: Space Travel, Solar 
and Other Natural Sources of Future 
Fuels, Weather Control, Man’s Control of 
Atomic Energy, and Drugs of Tomorrow. 

We are satisfied after three years ex- 
perience that this course helps to expand 
the students’ interest in science outward 
from themselves. The science majors go 
on to take more science courses outside 
of their own major field. Many students 
who hadn’t expected to major in science 
become science majors. Students will ap- 
preciate the value of this course while in 
advanced-undergraduate training in sci- 
ences as well as other fields. 

For helping to develop this course, we 
are indebted to Dr. G. King, Dr. A. Page, 
Dr. K. Kraft and Mr. R. Richart of the 
Science Department at Moorhead State 
College. The author invites critical sug- 
gestions and will gladly supply outlines and 
reference works to interested departments. 








THE DEVELOPMENT AND PRESENT STATUS OF 
SCHOOL SCIENCE FAIRS * 


CHARLES F, BEcK, JR. 


Mt. Lebanon High School, Pittsburgh 28, Pennsylvania 


HE need to encourage high school stu- 
T dents to enroll in science courses has 
It has 
been recognized in recent editions of the 


been recognized for a long time. 


National Association for Research in Sci- 
ence Teaching’s own journal, Science Edu- 
cation, as well as in other widely circulated 
magazines. The authors of these maga- 
gine articles, recognizing this need could 
be said to range from A to Z—from ad- 
ministrators to zoologists, or even from ad- 
mirals to zealots. 

Two different approaches were made to 
this problem of increasing the interest of, 
and the enrollment of high school students 
in science courses. One is to increase the 
number of, and the quality of well quali- 
fied science and mathematics teachers at 
the secondary school level, and the other 
includes several different methods designed 
to supplement the classroom and to build 
interest in science. 

Many private and governmental organi- 
zations, industries, and private foundations 
are active in the teaching and recruitment 
of scientists and science and mathematics 
teachers by means of science teaching im- 
provement programs, ?!? institutes,* and 
demonstration lecture programs.” Sum- 
mer, year-long, week-end, and after-school 
institutes have been sponsored and financed 
by the National Science Foundation. These 

* A paper presented at the Thirty-Second An- 
nual Meeting of the National Association for 
Research in Science Teaching, Hotel Dennis, 
Atlantic City, New Jersey, February 20, 1959. 
This paper is based on the author’s dissertation 
for the degree of Doctor of Education, Univer- 
sity of Pittsburgh, 1957. 

1 John R. Mayor, “The AAAS Science Teach- 
ing Improvement Program,” Science Review, 
XVII (February, 1957), 32. 

27. E. Wallen (ed.), Interagency News Let- 
ter, AAAS, October 15, 1956. (Mimeographed. ) 


institutes, and the fellowships for secondary 
school teachers of chemistry and physics 
that have been provided by the General 
Electric Company, the duPont Company, 
the Shell Companies Foundations, the 
Foundation, 
and many others have been the most pub- 


Westinghouse Educational 
licized of the first approach. 

Other methods of encouraging increased 
interest in high school science courses in- 
clude career guidance materials; the use 
of television in science teaching; personal 
contacts between teachers and professional 
society members, and the use of school 
science counselors; travelling high school 
science libraries; travelling science exhib- 
its; Junior Academies of Science; science 
clubs; science congresses; contests, such 
as the Science Talent Search, and the 
ACS Secondary School Chemistry Con- 
tests; and science fairs. 

It was the opinion of the writer, after 
acting as a member of the Science Teach- 
ers Committee of the Buhl Planetarium 
School Science Fair, and as a sponsor for 
exhibitors who had been students in his 
high school chemistry classes, that a study 
of science fairs might prove of some value. 
It is reasonable to assume that the enor- 
mous growth in science fair activity in the 
last few years may result in several research 
studies on the subject of science fairs, and 
it might be well that some background 
work should be done in this field. It is the 
opinion of the writer that some value would 
result from a study of the development and 
present status of school science fairs. 

A questionnaire was prepared for the 
purpose of obtaining information concern- 
ing the development and present status of 
school science fairs as they existed at the 
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end of the 1955-56 school year. It was of New York; Dr. John G. Read of Boston 


revised after submission to a jury of ex- 
perts, and mailed to 166 science fair direc- 
tors. The mailing list was obtained from 
the SCA Sponsor Handbook for 1957, and 
by correspondence with the chief school 
officer in each of the then forty-eight states. 
Only fifteen were able to add to the list of 
science fairs already known to exist in their 
states; four referred this letter to some- 
one not in the state: department of educa- 
tion for reply. The familiarity of the vari- 
ous state departments of education with 
the science fairs in their own states might 
be questioned. 

Data were supplied by some eighty-eight 
science fairs on their returned question- 
naires and from some additional material 
such as catalogues, rating cards, programs, 
pamphlets, etc. 

Of those science fairs still in existence 
that accept entrants from more than one 
school, the oldest is that of the American 
Institute of the City of New York. Its 
first fair was held in the American Museum 
of Natural History in 1928. However, its 
1956 fair was its eighteenth, so obviously 
its fairs have not always been annual 
events. The claim of being the fair with 
the longest record of consecutive annual 
science fairs probably belongs to the Buhl 
Planetarium School Science Fair of Pitts- 
burgh, Pennsylvania. 
~ The increase in the number of science 
fairs can be traced to several different in- 
fluences. Among these are the hard work 
of many individuals, the example set by 
some of the older science fairs, and the 
help supplied by state Academies of Sci- 
ence, colleges and universities, newspapers, 
professional societies, the National Science 
Fair, and the Oak Ridge Institute of 
Nuclear Studies. Among the individuals 
to whom credit was given as having helped 
start some science fairs were: Mr. Nor- 
man R. D. Jones of St. Louis, Missouri; 
Mr. L. W. Hutchins, and Dr. Otis Cald- 
well of the American Institute of the City 


University; Mr. Joseph Kraus of Science 
Service and the National Science Fair; Dr. 
Henry Taylor, President of Modesto Junior 
College, and Mr. Frank McPeak of the 
McClatchy Newspapers, Sacramento, Cal- 
ifornia; Mrs. Aldina S. Gates of the Louisi- 
ana Junior Academy of Sciences; Dr. 
Julian Rolzinski of Devils Lake, North 
Dakota; Dr. H. H. Bliss of the University 
of Oklahoma; Dr. Wayne Taylor of the 
University of Texas; Dr. Robert D. Mac- 
Curdy of the University of Florida; and 
Mr. Dewey Large, then of the American 
Museum of Atomic Energy at Oak Ridge, 
Tennessee. 

Some of the older science fairs that have 
served as examples and have inspired the 
establishment of other science fairs include 
that of the American Institute of the City 
of New York, the Greater St. Louis Sci- 
ence Fair, the Buhl Planetarium Science 
Fair of Pittsburgh, Pa., and especially 
those of the New England area. The New 
England School Science Contest was estab- 
lished in 1947 by a special committee, the 
New England School Science Council, cre- 
ated by the American Academy of Arts and 
Sciences for that specific purpose.* It is 
now called the New England School Sci- 
ence Fair and accepts entries from the state 
science fairs of Maine, New Hampshire, 
Vermont, Massachusetts, Rhode Island, 
Northern Connecticut and Southern Con- 
necticut. 

The larger area or regional science fairs 
have encouraged individual schools to hold 
their own local or community fairs to serve 
as elimination contests so that only the bet- 
ter exhibits are forwarded to the bigger 
fairs. Some of the larger fairs have set up 
a quota system to limit the size of their 
entry lists. 

Science Service, through two of its activ- 


ities, Science Clubs of America and the 


8 Angelo Bianco, “A Study of the New Eng 
land School Science Contest and Its Massachu- 
setts Winners 1948 through 1950." (Unpub 
lished Master’s thesis, Boston University, 1951.) 
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National Science Fair, has been influential 
in stimulating the establishment of many 
science fairs. Kraus, in commenting on 
fairs that appear to be an outgrowth of 
their work, stated that “all less than seven 
years old were instrumented by us directly 
or indirectly; any older than seven years 
old were inspired and helped by us.” 

The number of exhibits at the individual 
science fairs has increased each year, almost 
without exception. Some idea of the 
growth of science fairs throughout the 
country may be gained from that of the 
National Science Fair which would re- 
flect to some degree the participation in 
those science fairs affiliated with it. Thirty 
exhibitors represented 13 areas in the first 
NSF held in Philadelphia in 1950. This 
has grown so that the 1956 NSF had 213 
and 
since the completion of my study there 
were 231 exhibitors from 122 areas at the 
1957 NSF and 146 from 281 areas at the 
1958 fair. The 213 finalists at the 1956 
NSF had been culled from a total of 31,- 
240 exhibits shown at those 111 fairs, and 
it is estimated that 187,110 exhibits had 
been shown at the preliminary fairs that 
support the NSF affiilates. However, my 
study included 52 independent science fairs 
unaffiliated with NSF, so the total num- 
ber of exhibits shown at all 1956 science 
fairs would be much larger. 





exhibitors representing 111 areas 


Probably no one knows how many 
school science fairs there are in the United 
States. The Oak Ridge Institute of 
Nuclear Studies reported that 819 science 
fairs had been organized since 1954 in 
the fourteen-state area it serves. Texas 
alone had 300 science fairs in 1956, accord- 
ing to Kraus of NSF. These figures 
would include local as well as regional and 
state science fairs ; the study being reported 
here had been delimited to those fairs not 
restricted to a single school. 

Nevada and Wyoming were the only 
two states in 1956 in which school science 
fairs were not held, according to their 
chief school officer. In contrast, there were 
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six fairs at which more than 100 schools 
were represented: The Texas District | 
SF with 225 schools, the Buhl Planetarium 
SF with 189, the Greater Kansas City Sk 
with 157, the Southwestern Oklahoma Re- 
gional SF with 115, the Massachusetts 
State SF with 112, and the San Francisco 
Bay Area SF with 110. A total of 2,729 
schools were represented at the fairs that 
supplied this type of data, and the median 
number of schools was 27. 

The three largest 1956 fairs, from the 
standpoint of number of students with ex- 
hibits were the Greater St. Louis SF with 
2,233, the American Institute of the City 
of New York SF with 1,371, and the 
Greater Kansas City SF with 1,247. The 
median number of total exhibitors was 
167. 

The present status of school science 
fairs might be summarized by a hypotheti- 
cal visit to a “typical” 1956 school science 
fair. The statistics for this fair would be 
the median determined from the tables de- 
veloped from the replies to the question- 
naire. 

The “typical” 1956 science fair was held 
in either the gymnasium or a science build- 
ing on a college campus, and was under the 
direction of a member of the college staff. 
This was its third year of operation; the 
exhibits were on display for two days, and 
no admission fee was charged to spectator. 
In addition to the educational institution 
which housed the fair, other sponsors in- 
cluded the local newspaper and radio sta- 
tion, some professional societies, several 
business and industrial concerns, and, if 
active in that state, an Academy of Science. 
Usually the winners of the fair would also 
show their exhibits in a state or regional 
fair and, possibly, in the National Science 
Fair. The exhibits had been classified into 
Senior and Junior Divisions, and various 
subject area in which there had been the 
following number of exhibits, if all these 
areas were represented: 80 in physical sci- 
ence, 17 in chemistry, 15 in engineering, 7 
in mathematics, 41 in biology, 69 in gen- 
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eral science, 20 in physiography, and 15 
in conservation. Very probably all these 
areas would not be present, because the 
individual exhibitor had been one of 16/7, 
representing 27 schools at that particular 
fair. The exhibits had been viewed by 
1950 spectators, after they had been judged 
by a jury composed of college professors 
and scientists from various industries, who 
probably used the criteria of the National 
Science Fair. The exhibitor received a 
certificate for displaying his project and, 
if a winner, also received a medal or pin 
and an all-expenses-paid trip to his state 
or regional fair or to the National Science 
Fair. He probably had to demonstrate 
his exhibit to the judges, and may have 
won as additional prizes, cash, merchan- 
dise, or eligibility to apply for a college 
scholarship. 

The total cash value of 1956 science fair 
awards would be a staggering sum. Only 
55 fairs reported such data, but that 
amounted to $31,529 in cash and merchan- 
dise, and $84,206 in scholarships, for a 
grand total of $115,735. This does not in- 
clude the cost of certificates, medals, 
plaques, etc., nor the cost of transporting 
official parties and exhibits to the various 
regional and state fairs and to the National 
Science Fair. 

The following recommendations for fur- 
ther study are presented : 

1. A careful study should be made in 
‘ach state to determine what activities of 
a science fair nature are in actual existence. 

2. The history and development of sci- 
ence fairs in each state should be studied. 
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3. Individual science fairs should be in- 
vestigated with respect to those factors that 
influence their growth and popularity. 

4. Research should be conducted with 
the winners of a science fair, over a period 
of years, to see what effect their participa- 
tion in, and winning awards at the science 
fair had on their college careers and thei 
later vocational choices. 

5. Research should be conducted with 
those exhibitors at a science fair who did 
not win awards, to see what effect their 
participation had on college careers and 
vocational choices although they did not 
win, 

6. The effect that valuable awards had 
on the quality of exhibits entered in a 
science fair as compared to that of awards 
of an honorary type should be investi- 
gated. 

7. Research into the validity and reliabil- 
ity of the judging that is done at science 
fairs should be conducted. The work of 
MacCurdy and Bagshaw‘ along this line 
would provide some excellent suggestions 
for procedure. 

8. A careful study of the National Sci- 
ence Fair, its history and development, 
and of its winners should be made 

9. Research studies of the types sug- 
gested should also be conducted for science 
congresses. 

10. Research studies of the types sug- 
gested should also be conducted for Junior 
Academies of Science. 


#Robert D. MacCurdy and Thomas L. Bag 
shaw, “Are Science Fair Judgments Fair?” Sci 
ence Education, XXXVIII (April, 1954), 226. 


THE NERVE OF A GALL 


OLIVE MACDONALD * 


Framingham State Teachers College, Framingham, Massachusetts 


- was a cold day in January, a Friday 
to be exact. I arrived in my science 


methods class and there before me sat about 


*Student in Professor Emma A. Hunt's 
Class in Science Methods for Juniors. 


twelve girls holding bundles of bare 
branches in assorted sizes and colors but 
all of them bearing ugly swollen lumps. It 
was then it dawned on me I had forgotten 
the day’s assignment: “go out and find 
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galls.” The teacher walked about the 
room and discovered other girls who had 
neglected the task also. I breathed a sigh 
of resignation, wished a minor curse on 
my dear friend Maryanne, basking in the 
Texas sun and donned my coat to brave 
the winter air and search the “unknown” 
for galls. The exploration of the unknown 
was quite simple, the area behind the gym. 
My forgetful cronies and I began examin- 
ing trees and small shrubs for galls. After 
we found one and realized what we were 
looking for, we began to find another and 
another. We even discovered a tree that 
was literally covered with galls so we 
christened it a “gall tree.” 

With our new-found treasures we re- 
turned to the classroom. When we ar- 
rived our classmates were busy at work 
with scalpel and tweezers. The first squeal 
of delight was heard and the entire class 
rushed to the location of the excitement. 
Lo and behold under the lens sat a small 
insect surprised to be awakened so early 
from his period of hibernation. He hopped 
off the desk and was lost in the shuffle of 
feet as the class followed shout after shout 
of excitement. 
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One girl discarded an interesting mass 
of white material, after having no success 
at finding its occupant. I felt a small lump 
inside and proceeded to explore the con 
tents. Inside was a tiny insect. Next a girl 
found a whole nest of spiders, another a 
caterpillar etc. etc. . There seemed no 
end to our discovery. 

The bell rang, the period was over but 
the class was not interested. They were 
scientists at work discovering through first 
hand experience and observation. We dis- 
carded our twigs but not one of us could 
discard our attitudes, skills and under- 
standings derived from this class. I had 
spent one of the most stimulating fifty min- 
utes of my life. Here in action I saw all 
the ideas the teachers of methods courses 
try to “drum” into our heads through 
words. Here was motivation and inter- 
ested teacher guidance with the pupils do- 
ing the discovering. If all classes at all 
levels of education could be conducted in 
this manner school would be more mean- 
ingful and students would want to know 
more. I took back my minor curse on 
Maryanne, breathed a sigh of thanks and 
walked out of class a much richer person. 
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FACILITIES AND EQUIPMENT AVAILABLE FOR TEACHING 
SCIENCE IN PUBLIC HIGH SCHOOLS, 1958-59 7 


CHARLES L. KoELSCHE * 


University of Georgia, Athens, Georgia 


INCE the early thirties, considerable em- 
S phasis has been given to the so-called 
“social aspects of education” while, in the 
opinion of many educators, business men, 
and professional people, too little time has 
been devoted to the study of subjects in 
certain academic areas. Relationships be- 
tween human experience and science have 
become so closely allied that today an edu- 
cated person cannot afford to be without 
some knowledge and understanding of ‘sci- 
ence. 

Improvement of science education pro- 
grams in the public high schools of the 
United States is necessary if we expect to 
close the gap between the public’s knowl- 
edge and understanding of science and the 
achievements of science. Science teachers 
in these schools are in a strategic position 
to locate, stimulate, and nurture young 
people having capabilities in science and 
technology ; and to direct them toward ca- 
reers and leadership roles in these fields. 

The adequacy of science facilities and 
equipment is an important factor in this 
situation. 

This project on science facilities and 
equipment was concerned with: high 
school and science enrollments; science 
offerings ; the nature of room and labora- 
tory facilities for the teaching of science; 
fiscal arrangements for and administrative 
practices employed in the procurement of 
equipment and supplies; sources of bor- 
rowed and donated equipment; and the 
quantity of demonstration and laboratory 


+ Paper presented at the Thirty-Third Annual 
Meeting of the National Association for Research 
in Science Teaching, February 11, 1960, Hotel 
Sherman, Chicago, Illinois. 

* The research reported herein was performed 
pursuant to a contract between the University of 
Toledo and the U. S. Office of Education, De- 
partment of Health, Education, and Welfare. The 
views expressed in this report are those of the 
author only. 


equipment available for teacher and stu- 
dent use. 

The procedures used for securing data 
pertinent to the problem involved three 
steps. They were: 

1. Compilation of the Sample. The 
sample consisted of 855 high schools se- 
lected at random from the three, four, and 
six-year high schools operating during the 
1958-59 academic year in Florida, Illinois, 
Massachusetts, North Dakota, Ohio, South 
Carolina, and Wisconsin. Representative 
schools for the sample were identified by: 
(a) numbering consecutively the three 
types of high schools in each state’s 1958-59 
school directory; (b) drawing numbers 
from the table of random numbers com- 
piled by Fisher and Yates until the quan- 
tity equaled 25 per cent of the high schools 
in each state ; and (c) matching these num- 
bers with the corresponding ones assigned 
the high schools. 

2. Collection of Data. The data were 
collected by school visitations and confer- 
ences with high school administrators and 
science teachers. A state director for the 
project was named in each of the seven 
states. Each director named the state com- 
mittee members who visited the schools 
and secured data firsthand. The persons 
selected were either high school science 
teachers, county or state science consult- 
ants, or college or university professors 
of science or science education. 

To establish uniform procedures for vis- 
iting the schools, gathering data, and han- 
dling fiscal and other matters related to the 
study, the project’s coordinators met with 
each state committee. Following a gen- 
eral discussion of the project and proce- 
dures, the interview guide-sheets and 
check-lists were studied, item by item. Ad- 
ditional state meetings or individual con- 
ferences with state directors were arranged 
as needed. 
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When the collection of data had been 
completed, final state meetings were held. 
Each person discussed briefly his visita- 
An overall evaluation of 
the present status of facilities and equip- 


tion experiences. 


ment for teaching high school science was 
formulated. 

3. Tabulation of Data. 
the 
brought together for final editing. 


The completed 
seven were 


Infor- 


data sheets from states 
was transferred from the lists to 
Data were then proc- 


Classification 


mation 
IBM punch cards. 
IBM 
categories were based upon school enroll- 


essed on machines. 
ment, science enrollment, science offerings, 
presentation and laboratory facilites, gen- 
eral provisions for procuring equipment, 
and equipment inventories. 

ENROLLMENT 


FINDINGS PERTINENT TO 


Data pertinent to this category were 
analyzed with respect to size and type of 
the high schools, grade and total enroll- 
ments, science offerings, science class en- 
rollments, and ratios between total, grade, 
and science enrollments. 

The random sample, composed of 282 
junior-senior high schools, 512 regular 
four-year high schools, and 61 senior high 
schools, represented 25 per cent of the pub- 
lic secondary schools operating during the 
1958-59 academic year in Florida, Illinois, 
Massachusetts, North Dakota, Ohio, South 
Carolina, and Wisconsin. 

Almost three-fourth (74.4% ) of the high 
schools had enrollments of less than 500, 
and somewhat less than one-half (44.3% ) 
enrolled fewer than 200 students. Approx- 
imately one-tenth (10.5%) enrolled 1,000 
or more students. There were 366,712 
students enrolled at the 855 high schools. 
Even though there were 379 or 44.3 per 
cent of the schools in the 1-199 size cate- 
gory, only one-ninth of the students were 
enrolled at these small schools. On the 
other hand, only 219 or 25.6 per cent of 
the schools were in the 500-999 and 1,000- 
up size categories, but two-thirds of the 
students were enrolled at the larger schools. 


SCIENCE EDUCATION 


[Vor. 45, No. 4 


In this investigation, data on the 7th and 
8th grades in six-year high schools were 
disregarded. 

All high schools in the sample offered 
General 
science was offered in 86.8 per cent of the 
schools ; biology in 95.5 per cent ; chemistry 
in 74.5 per cent; physics in 71 per cent; 
and “others” in 23.2 per cent. 
cents would probably vary from year to 
year because many of the schools alternated 
physics with chemistry, and biology with 
Of the “other” 
physical science, advanced general science, 


one or more courses in science. 


These per 


general science. sciences, 
and physiology were the most popular. 

Based upon the 1958-59 enrollment sta- 
tistics, 63.7 per cent of the students at- 
tending the 855 high schools were enrolled 
in science courses. They were assigned 
in such a way that 19.2 per cent were in 
general science; 24.5 per cent in biology; 
10.2 per cent in chemistry; 5.6 per cent in 
physics; and 4.3 per cent in other science 
courses. Comparing the number of stu- 
dents in each of the four traditional sci- 
ence courses with the total enrollment of 
the grade level in which the course is 
usually offered, it was noted that 80.3 per 
cent of the freshmen were enrolled in gen- 
eral science ; 82 per cent of the sophomores 
were in biology ; 39.7 per cent of the juniors 
in chemistry; and 27.2 per cent of the 
seniors in physics. (Recognition is given 
to the fact that these per cents may be 
slightly distorted due to the possible en- 
rollment of students from other grade lev- 
els; ie., a few 11th and 12th grade stu- 
dents may have enrolled in biology with the 
10th grade students. ) 

Except for general science, as school size 
increased there was a tendency for a larger 
portion of the high school students to pur- 
sue science courses. 


FINDINGS PERTINENT TO SCIENCE 


TEACHING FACILITIES 


Information pertinent to this category 
was analyzed with respect to the types of 
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rooms in which instruction was given; 
nature of the presentation, laboratory, and 
certain miscellaneous facilities ; and general 
observations on science teaching facilities. 

In the 855 high schools, there were 1988 
rooms used for science instruction. The 
average number of such rooms per school 
in the four enrollment categories was: 
1-199, 1.2 rooms; 200-499, 2 rooms; 
500-999, 3.3 rooms; and 1,000-up, 6.8 
rooms. 

The most prevalent types of rooms used 
by high school science teachers were com- 
bination classrooms and laboratories (mul- 
tipurpose rooms) equipped for teaching 
one science subject and combination class- 
rooms and _ laboratories (multipurpose 
rooms) equipped for teaching two or more 
science subjects. In approximately one- 
fifth of the schools, science was taught in 
regular classrooms. Separate classrooms 
and laborateries designed for teaching a 
single science subject and regular class- 
rooms equipped with movable lecture-dem- 
onstration tables were found least fre- 
quently. 

Small high schools tended to use more 
combination classrooms and _ laboratories 
equipped for teaching two or more science 
subjects, while the large schools tended 
to use more combination classrooms and 
laboratories equipped for teaching a single 
science subject. 

Ninety per cent or more of the high 
schools had the following presentation fa- 
cilities in their science classrooms: chalk- 
boards, A.C. electrical outlets, picture pro- 
jection equipment, running water, bulletin 
boards, lecture-demonstration desk, and 
gas outlets. Fewer than 30 per cent of the 
schools had science rooms containing ele- 
vated seating or elevated lecture-demon- 
stration desks, D.C. electrical outlets, and 
compressed air outlets. 

Seventy to ninety per cent of the high 
schools had the following science facilities 
in their Jaboratories: A.C. electrical outlets, 
storage cupboards, gas outlets on each 
desk, running water and a sink or trough 
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on each table or desk, separate storage- 
supply rooms, and student equipment lock- 
ers. Fifty to seventy per cent had window 
and wall shelves, running water in labora- 
tories but not on each desk or table, re- 
agent and/or storage shelves, and fume 
hoods. D.C. electrical outlets and com- 
pressed air outlets were available in labora- 
tories of less than than 25 per cent of the 
schools. 

Large high schools as a group had better 
presentation and laboratory facilities than 
the small schools. 

An evaluation of science teaching facili- 
ties showed that most of the high schools 
had adequate lighting and ventilation in 
science classrooms and laboratories. Stock- 
room storage facilities were adequate in 65 
per cent of the schools. Laboratory space 
per student was adequate in only 46.6 per 
cent of the schools. 

The location of science classrooms and 
laboratories was such that minor enlarge- 
ment and modernization were feasible in 
45.5 per cent of the high schools. 

The overall rating of science teaching 
facilities compiled by the state commit- 
tees at their final meetings was: good for 
28.4 per cent of the high schools; fair for 
36.5 per cent; and poor for 35.1 per cent. 


FINDINGS ON GENERAL PROVISIONS FOR 
SCIENCE EQUIPMENT 


Data pertinent to this category were an- 
alyzed with respect to budgetary and pro- 
curement practices for science equipment 
and supplies (in this study equipment re- 
fers to items which can be used over and 
over again, such as graduated cylinders, 
calorimeters, and microscopes; while sup- 
plies refer to consumable items, such as 
chemicals and earthworms), sources of 
funds and equipment other than those asso- 
ciated with regular school channels, and 
general observations on science equipment. 

Fifty-eight and nine-tenths per cent of 
the 855 high schools had specific annual 
budgets for procuring science equipment. 
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For the 1958-59 school year, the total 
funds provided by these budgets were 
$451,358.00. Since 503 schools had budg- 
ets the average amount of money available 
per school was almost $900.00. In com- 
paring these allotments with those for the 
preceding year, it was found that they rep- 
resented an increase for 51.3 per cent of 
the schools, no change for 32.8 per cent, 
and a decrease for 15.9 per cent. 

Annual budgets for science supplies 
were found in 443 or 51.9 per cent of the 
high schools. These funds totaled $169,- 
488.00, so the average per school was 
$382.00. When compared with the amounts 
budgeted for 1957-58, these allotments 
represented an increase for 39 per cent; 
no change for 49 per cent; and a decrease 
for 12 per cent of the schools. 

Some variance in budgetary practices 
was discernible in high schools of various 
sizes. Both the amount allocated and the 
per cent of schools having budgets for equip- 
ment and supplies increased as school size 
increased. 

High schools not having budgets specif- 
ically earmarked for science used funds 
from other allotments to purchase some 
science equipment and supplies. Accurate 
estimates of the amounts thus spent were 
so fragmentary that it was impracticable 
to consider them. 

By combining all budgeted funds for 
high school science equipment and sup- 
plies allotted for the 1958-59 school year, 
and dividing the sum by the total number 
of students enrolled in all science classes, 
an average of $2.66 per science student 
vas available ($620,846.00 divided by 
233,544). <A further breakdown of funds 
according to school size showed that in the 
1-199 enrollment category, the average 
allotment per science student was $3.90; 
200-499, the average was $2.88; 500-999, 
it was $2.50; and 1,000-up, $2.20. 

Fifty-two and three-tenths per cent of the 
high schools kept inventories of science 
equipment and supplies. Students enrolled 
in science classes were required to pay 
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laboratory fees in 17.8 per cent of the 
schools, and 18.3 per cent of the schools 
collected breakage deposits. 

The most frequently used procedures for 
purchasing science equipment were to 
place orders with school superintendents 
and central purchasing agencies which in 
turn consummated the transactions. In 
nine and four-tenths per cent of the high 
schools, all orders were pooled and then 
submitted for competitive bids, and in 15.8 
per cent of them, science teachers were per- 
mitted to order directly from supply 
houses. 

Funds for the purchase of science equip- 
ment from out-of-school sources, while not 
abundant, had some significance. Seven 
and six-tenths per cent of the high schools 
received such funds from Parent-Teacher 
Associations, and almost 3.4 per cent re- 
ceived money from interested parents or 
citizens, local industry, and school benefit 
programs and parties. Other minor 
sources of funds were: local service clubs ; 
admission receipts from exhibits and sci- 
ence fairs; and local scientific societies. 

The use of borrowed and donated equip- 
ment was relatively limited. Twenty-eight 
and nine-tenths per cent of the high 
schools, however, had obtained science 
equipment from the Federal Surplus Prop- 
erty Program. Some minor sources were: 
local industry; colleges and universities ; 
doctor’s offices; garages; filling stations; 
stores; hospitals; and professional socie- 
ties. 

Fifty-seven and seven-tenths per cent of 
the high schools made extensive use of im- 
provised equipment. 

Roughly one-third of the high schools 
provided time in the science teacher’s 
schedule for setting-up equipment and pre- 
paring for laboratory and demonstration 
work. 

About two-fifths of the high schools had 
equipment which was either all fairly new 
or was more new than out-dated, and it 
was well maintained even though only 18.1 
per cent of the schools allocated time in the 
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science teacher’s schedule for maintenance 
and care of equipment. 

The overall ratings of science equipment 
showed that chemistry equipment was 
judged best, general science second, biology 
third, and physics poorest. In terms of 
good, fair, and poor, chemistry was rated 
fair plus; general science, fair; biology, 
fair minus; and physics, poor. 


FINDINGS PERTINENT TO QUANTITY 
OF EQUIPMENT 


Data in the equipment inventories, made 
by members of the state committees, were 
utilized to determine the number of: each 
item available per school, per classroom— 
when significant, and the number of sci- 
ence students per item. Moreover, the 
portion of high schools not having certain 
items of science equipment and the num- 
ber of students in these schools was deter- 
mined. 

There were 33 items listed in the general 
science inventory ; 9 in the biology student 
locker list, and 41 in the general biology 
inventory; 32 in the chemistry student 
locker list, and 38 in the general chemistry 
inventory; and 220 items listed in the 
physics inventory. 

An illustration of how data in the equip- 
ment inventories were interpreted is given 
below. 

An analysis of high school science offer- 
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school and the number of class sections in 
which they enrolled, categorized by size 
of school, were: 1-199, 30 students in 1.4 
sections ; 200-499, 76 in 2.8: 500-999, 173 
in 6.4; and 1,000-up, 432 in 14.9. These 
statistics were used for interpreting data 
in the biolog. equipment inventory. Analy- 
ses of data .or each enrollment category 
were made separately. 

Schools in the 1-199 Size Group. There 
were 900 student microscopes present in 
314 of the 379 high schools. This was an 
average of 2.9 microscopes per school. It 
follows, therefore, that in these schools 
there was an average of 10 students per 
microscope (gross). Since there was an 
average of 1.4 class sections of biology in 
each of these schools, perhaps a more 
meaningful comparison between the num- 
ber of students per microscope would be 
7 to 1 (net). 

On the other hand, this item of equip- 
ment was absent in 65 or 17.1 per cent of 
the high schools. Biology was offered, 
however, in only 32 of these schools. Thus, 
an equivalent of 960 biology students were 
deprived of firsthand classroom experiences 
with a microscope. 

Schools in the Other Size Groups. Anal- 
ogous statistics on microscopes for the 
larger schools are given in the following 


tabulation. For comparison, the figures 





° . ¢ . e > ¢ ¢ > : > if 
ings and enrollment data revealed that the from above are tabulated in the 1-199 
average number of biology students per column. 
Size of School 
Type of Analysis (379) * (257) * (129)* (90)* 
( Averages ) 1-199 200-499 500-999 1000-up Mean 
1. Number per school 2.9 4.5 9.2 24.2 10.2 
2. Number of biology : ¥ es 
students per school 30 76 173 432 178 
3. Number of students 5 . 
per item (gross) 10 16.5 19 18 15.9 
4. Number of students 4 : 
per item (net) 7 6 3 1.2 4.3 
5. Per cent of schools ; ae me 
not having item 17.1 20.2 8.5 5.5 12.8 
6. Number of students ve 
involved in #5 960 3,608 1,903 1,296 7,767 
(Total) 


* Number of schools in each enrollment category. 
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An analysis of these statistics disclosed 
that as the size of the high schools in- 
the number of micro- 
scopes per school also increased ; so did the 


creased, average 
gross number of students per microscope 
except for the slight decrease in the 1,000- 
up enrollment category. On the other hand, 
the net number of students per microscope 
was the lowest in the largest schools. 
Student microscopes were absent in a 
higher per cent of the smaller high schools 
than in the larger ones. Except for the 
smallest schools, the number of students 
deprived of contact with this instrument 
decreased substantially as school size in- 


Number of High Schools 
in Which None of the 


Course Item Was Found 
General Science 27 
Biology 9 


Chemistry 


(Student lockers ) 103 
(Gen. lab. equip. ) 28 
Physics—Items 1-35 28 
36-72 87 

73-109 71 

110-146 72 

147-183 81 

184-220 71 


creased. About one-twelfth of the biology 
students were in schools not having a 
microscope. 

3y applying this type of analysis to all 
items listed in the inventories, a consider- 
able variation was noted in the quantity 
of science equipment available and the 
number of science students per unit in the 
As the size 
of the schools increased, the variety of 


various sizes of high schools. 


items and the number of each item also 
increased. Even though the large schools 
had a greater number of science students 
per item of equipment than the small 
schools, they had several class sections of 
each science subject, so the net number of 


students per item decreased substantially as 


school size increased. 
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The per cent of high schools in which the 
various items of science equipment were 
absent was generally the highest in the 
small schools and the lowest in the large 
schools. A smaller portion of science stu- 
dents in the large schools was thus de- 
prived of firsthand experiences with sci- 
ence equipment than in the small schools. 

The equipment listed in the inventories 
was, in some instances, missing completely 
at the high schools. The following tabula- 
tion gives statistics on this for the four 
traditional science courses. 

Semi-micro laboratory equipment was 
available in only 10.2 per cent of the 636 


Breakdown by School Size 





1-199 200-499 500-999 1000-up 

12 10 3 2 

7 1 0 l 
75 16 6 6 
24 2 1 1 
23 3 1 1 
60 22 4 1 
50 18 2 1 
52 17 2 1 
56 22 2 1 
50 17 3 1 


high schools offering chemistry during the 
1958-59 academic year. 

Very few science departments in the 855 
high schools had an adequate assortment 
of tools. The supply was such that one- 
fourth to one-third of the science depart- 
ments could have had a table vise, hand 
saw, hack saw, and crescent wrench; one- 
half to two-thirds of them could have had a 
wire cutter and a hammer; four-fifths a 
pair of pliers; and all of them a screw 
driver. 


SOME GENERALIZATIONS 


To show that the high schools in the 
random sample were reasonably typical of 
those throughout the United States, the 
following tabulation is presented. 
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Type of High School 
Per Cent 





Type Sample *U.S.A. 
Jr.—Sr. 6-yr. 33 42 
Regular 4-yr. o0 49 
Senior 3-yr. 7 9 
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Size of High School 
Per Cent 


Size Sample *U.S.A. 

1-199 44 59 
200-449 30 26 
500-999 15 9 


1000-up 11 6 


*The most recent data available were compiled for the 1951-52 school year. 


A statistical comparison was made be- 
tween these two sets of data by means of 
the chi square formula. The derived val- 
ues of chi square were such as to permit 
the acceptance of the null hypothesis of no 
significant difference at the 32.7 and 18.7 
per cent level of confidence for type of 
school and size of school, respectively. 

It is probable that the differences in 
per cents representing high schools in the 
sample and those in the United States as a 
whole were due to reorganization and con- 
solidation which took place since 1951-52. 

A greater portion of high school stu- 
dents is studying science today than three 
years ago. This is discernible from the fol- 
lowing tabulation : 

U. S. Office of 


Education Study 
1955-56 


This Study 
1958-59 


Subject Per Cent Per Cent 
Biology 20.3 24.5 
Chemistry 7.6 10.2 
Physics 4.6 5.6 


Combination classrooms and _laborato- 
ries (multipurpose rooms) are becoming 
the most popular type of facility for science 
instruction, thus replacing the traditional 
separate lecture and laboratory rooms so 
common during the first half of this cen- 
tury. Entirely too many high schools, 
however, were still using regular class- 
rooms for science classes because their 
facilities did not include enough rooms 
equipped specifically for science work. 

Many science classrooms and laborato- 
ries were inadequately equipped for ef- 
fective instruction. In a number of schools, 
it was noted that facilities and equipment 
were geared to the academic background 


and interests of the present or past in- 
structor(s). They were good in his major 
field(s) of interest but woefully weak in 
other areas. High school administrators 
have a responsibility to see that a reason- 
able balance of equipment and supplies is 
maintained for the various science classes. 

A definite relationship exists between 
the size of school and status of the facilities 
and equipment for science instruction. 
Large high schools as a group had better 
presentation and laboratory facilities and 
equipment than the small schools. 

Since roughly one-half of the high 
schools lacked adequate space for labora- 
tory work and one-third of them lacked 
proper science equipment storage facilities, 
every effort should be made by school ad- 
ministrators and the local school trustees 
to rectify these conditions. The location 
of science classrooms and laboratories was 
such that minor enlargement and modern- 
ization were feasible in approximately one- 
half of the schools. 

Roughly six out of every 10 high schools 
had annual budgets for procuring science 
equipment, and about five out of 10 had 
annual budgets for science supplies. For 
the 1958-59 school year, these funds totaled 
$620,846.00. 
1957-58 total allotment, it represented an 


When compared with the 


increase in 46 per cent, no change in 40 
per cent, and a decrease in 14 per cent 
of the schools. 

Even though the per cent of high schools 
having budgets and the amount of appro- 
priated funds increased as school size in- 
creased, the amount per student decreased 
as school size increased. The overall av- 
erage, based upon total science enrollment 
in the 855 high schools, was $2.66 per 
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student. This amount is equivalent to the 
price paid for ten packages of cigarettes! 
According to the reports submitted by 
the investigators, there were many non- 
academic programs in the schools visited 
for which adequate or generous funds were 
available per student participant, whereas 
funds for science education in the same 
schools were meager and obviously inade- 
quate. Science teachers should be able to 
depend upon an appropriate amount of 
money each year for the procurement of 
equipment and supplies. This would per- 
mit long-range planning and a steady im- 
provement in the variety and quantity of 
laboratory and other instructional equip- 
ment. A 


science student is one effective basis upon 


guaranteed basic allotment per 


which projected budgets can be estimated. 

Assuming that one of the school’s im- 
portant functions, probably the unique one, 
nature, 
should provide first for adequate financing 


is academic in administrators 
not only of science programs but of all 
academic programs, and second for non- 
academic programs. 

As conventional fuels and the “Iron 
Age” give way to the Atomic and Space 
Era, can the American people, the elected 
school trustees, and school administrators 
expect science programs to keep abreast of 
the times when annual budgets were pro- 
vided in only 59 per cent of the high 
schools; when the amounts provided in 
one-half of the schools represented no 
change or a decrease from the preceding 
year ; one-fifth of the 
schools required science students to pay 
breakage and laboratory fees? 

The need for adequate science budgets 


and when about 


is enhanced by the fact that a relatively 
small number of high schools were recip- 
ients of funds from out-of-school sources 
and of donated or borrowed equipment. 


Except for Federal Surplus Property, 
these sources contributed only meager 
amounts of funds and equipment. Almost 


six schools in every 10, however, were 


making extensive use of improyised equip- 


ment. 
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A change in the procedures used for pro 
and 
could result in a more efficient use of avail 
able funds. 


curing science equipment supplies 
Many high schools still permit 
teachers and administrators to make pur 
Only 


10 per cent of the schools pooled their 


chases directly from supply houses. 


orders and submitted them to suppliers 
for bids; yet this technique is used by 
most business concerns. 

If science teachers are going to be effec- 
tive in bringing about an improvement 
in science education programs in the high 
schools, they must be allotted special time 
for doing some of the added duties asso- 
ciated with their positions. These duties 
involve the keeping of an up-to-date inven- 
tory of science equipment and supplies— 
such an inventory was available in about 
one-half of the high schools; setting up 
equipment for demonstration and labora- 
tory work; and maintenance of equipment. 
Time for these latter two duties was pro- 
vided by 34 and 18 per cent respectively 
of the schools. A portion of the needed 
time could be obtained by eliminating all 
duties unrelated to science teaching from 
the assignment of science instructors. 

A look at the high schools in which the 
basic items of equipment for teaching the 
various science subjects were missing dis- 
closes that a greater portion of items was 
absent in schools enrolling less than 200 
students than in those with enrollments of 
500 and Many investigators, in- 
cluding Dr. Conant, indicate that schools 
enrolling fewer than 500 students cannot 
offer the educational opportunities present 
in the larger schools. Every effort should 
be made, therefore, to bring about a con- 
solidation of small high school districts, 
thereby broadening the base for adequate 
financing of the total program. 
Equal educational opportunities for all 
American youth would thus move a step 
ultimate realization. 


above. 


school 


closer toward 


Nore: A copy of the complete report may be 
obtained from the Research Foundation, Uni- 
versity of Toledo, Toledo 6, Ohio. Enclose 25¢ 
in coin or stamps to cover mailing costs. 
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SOCIAL RESPONSIBILITY OF THE SCIENCE EDUCATOR * 





Rosert J. G. BARLow 


Fisher Junior High School, Ewing Township, New Jersey 


I. TO THE COMMUNITY IN WHICH 
HE TEACHES 


A. Leadership and Guidance in Develop- 
ment of Those Scientific Skills and 
That Scientific Knowledge Useful to 
Members of the*Community 


HERE has been serious discussion re- 
T cently about a moratorium of science 
and technology. That view reveals that the 
advocate entertains serious misconceptions 
as to the nature of those movements. Both 
are indivisible portions of our culture. It 
is far better to recognize that and to cast 
about for an understanding of the “good 
life’”’ and a morality consistent with science 
and technology. 

Curricula should include those aspects 
of science which enable students to better 
understand and explain their immediate 
environs, both now and as adult members 
of an industrial society. 


The science teachers in a particular community 
are those persons employed by the community to 
give technical guidance and leadership in the 
process of making available to all members of 
the community all the appropriate scientfiic 
knowledge and skills which they need in order 
to use effectively human and natural resources.! 


In developing scientific knowledge and 
skills, science educators must be careful to 
develop the moral implications of that 
knowledge or skills. 


The remedy (for misunderstanding and mis- 
trust of science) does not lie in a greater dis- 
semination of scientific information among non- 
scientists. . . . What is needed are methods for 
imparting some knowledge of the tactics and 
strategy of science to those who are not sci- 
entists.* 

*Paper presented at the Thirtieth Annual 
Meeting of the National Association for Re- 
search in Science Teaching, Hotel Claridge, At- 
lantic City, New Jersey, February 15, 1957. 

1 Sloan R. Wayland, “The Science Teachers’ 
Role in Community Development,” Science Ed- 
ucation, XXXVII, (October, 1953), pp. 252-253. 

2Dr. J. B. Conant, quoted by Leland Wilson, 
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Extension of scientific method into non- 
scientific fields to pass judgment on a ques- 
tion of ethics, economics, values, etc. has 
been proposed. If you would accept the 
pragmatist premise, science courses would 
be designed to insure your students prac- 
tice to achieve efficiency in application of 
scientific method to problems. 


> 


B. Work with Community Members in 
Use of Scientific Advances and Prac- 


tices Pertinent to Community Welfare 


Serious disruptions of intellectual, eth- 
ical, and moral components of our culture 
have occurred and are occurring. Extreme 
confusion resulted in the minds of many 
in our society. Too often scientists have 
attempted to divorce themselves from the 
implications of what “God hath wrought.” 
if community development is one of the 
major facets of education, the science 
teacher shares with all educators the re- 
sponsibility of facilitating community de- 
velopment. He should interpret the de- 
velopments in his field which have specific 
application to the community in which he 
lives. As a specialist with understanding 
of scientific method, he is responsible for 
helping community members develop skill 
in application of scientific method to spe- 
cific questions. 

There is no greater necessity in the 
world of today than a closer understanding 
by the politician and the citizen of the mo- 
tives and methods of science, any by the 
scientific workers, of the inevitability of 
politics and the responsibilities of citizen- 


ship.* 


“A Study of Opinions Related to the Nature of 
Science and Its Purpose in Society,” Science Ed- 
ucation, XXXVIII, (March, 1954), p. 161. 

8 Quoted by J. Rud Neilsen, “Our Respon 
sibilities as Scientists,” Scientific Monthly, 
LXXXI, (August, 1955), p. 68. 
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C. Assistance in Achieving Community 
Economic Independence and Higher 
Local Standards of Living 


Economic independence is the result of 
many factors. Vocational adaptability is 
conditioned by knowledge of the relation- 
ship of your work to end product. The 
field of vocational science offers the “Why” 
you do “What” you do in industry. Sci- 
ence educators may offer basic science in- 
formation and skills to open many scien- 
tific-vocational fields to the students. Such 
workers assist their community to use lat- 
ent human and natural resources, thus as- 
sisting in attainment of economic independ- 
ence. 

Raising the standard of living seems 
minor in importance in the U. S. ‘This is 
not true in much of the world, even some 
of the U.S. A staggering project faces us 
elsewhere. 

. we must embark on a new, bold program 
for making the benefits of our scientific advances 
and industrial progress available for the im- 
provement and growth of underdeveloped areas. 

More than half of the people of the world are 
living in conditions approaching misery. ‘ 
Their poverty is a handicap and a threat both to 
them and to more prosperous areas. 


Science education provides a panacea for 
neither lack of economic independence nor 


a low living standard. It offers a tool for 
attacking both problems. 


Il. TO THEIR STUDENTS 


A. To develop Democratic Ethics in Their 
Courses 


Science education’s work should be based 
on acceptance of the premise that free in- 
quiry, communication of ‘results and gen- 
eral scientific progress are possible only in 
a democratic, political and social system. 
Other systems impose restrictive controls 
or use science to attained their desired 


ends. 


4Harry S. Truman in January 20, 1949 inaug- 
ural speech. , 
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But scientific discovery . . . does not progress 
according to preconceived plan and is stifled if 
attempts are made to control the intiative of the 
research workers or to limit the freedom of com 
munication. If we wish funadmental science to 
advance we must allow a maximum of free in 
quiry and communication during the course of 
their research.5 

Best chance of arresting growing demand 
for political regulation of science and im- 
position of scientific secrecy lies in the ed- 
ucation of the people to accept the prin- 
ciple of scientific freedom. 

Science educators may make a_two- 
pronged attack on the problem of develop- 
ing democratic ethics. By helping the stu- 
dent to develop scientifically accurate data 
on a question, we may eliminate or de- 
crease many attitudes unfavorable to de- 
mocracy. The second approach to this prob- 
lem entails training our people in use of sci- 
entific method as active, responsible citizens 
of a democracy. This commits users to stay 
within empirical realms, willing to suspend 
judgment until all data on the problem are 
in and evaluated, then acting on the basis 
on a well-thought-out plan. The reluctance 
of users to accept authoritarian deliver- 
ances is implicit. 


B. To Develop Understanding of the Im- 
plications of Scientific Progress on So- 
ciety 


On the basis of this scale (500,000 years of de- 
velopment equal to a lifetime of fifty years) it took 
man 49 years to get over being a nomad. About 
six months ago a few men first learned to write; 
two weeks ago the first printing press was built. 
Only within the last four days have we really 
found out how to use electricity around which 
so much of our civilization is built. Within the 
very last day have come such amazing things as 
the radio, television—radar, diesels, rayon nylon, 
sulfa drugs, penicillin, book-keeping machines, 
electronic computers, 100 octane gas, color and 
sound motion pictures. . . . On our condensed 
time table jet planes, dozens of antibiotics and 
hormones, .. . release of atomic energy all came 
into the picture this morning.® 


5 Arthur Compton, Mid-Century, The Social 
Implications of Scientific Progress. P. 75. 

6 R. E. Wilson, Chairman of the Board, Stand- 
ard Oil of Indiana. 
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Science educators should instill appreci- 
ation of the spatial relationships of scien- 
tific discoveries and developments in re- 
corded history and the tremendous impact 
of scientific strides on public health, sani- 
tation, industrial working conditions, and 
in increased time available for recreation. 
Science students should understand that 
recent advances in science and technology 
have given man unprecedented control over 
his environment, in fact over himself. 


111. TO HIMSELF 
A. Use and Advocacy of Scientific Method 


He must realize that allegiance to sci- 
entific method does not commit him to an 
immoral or unmoral stand. In fact, sci- 
entific activity has a basis that could be 
adapted by the layman. Scientist-writers 
develop these points as the basis of scien- 
tific method : 

1. A belief in the virtue of rationality tempered 
by empirical evidence. 

2. A belief that attempts to establish new facts, 
principles, and theories are subject to established 
impersonal criteria and that claims of an indi- 
vidual must stand the scrutiny of his scientific 
peers. 

3. A belief that personal or social prejudice 
are of no consequence in determining truth or 
validity of any question. 

4. A belief that science is not bound by politics. 

5. A belief that the results of scientific inquiry 
are public property. 

6. A belief in the value of doubt and skepti- 
cism—willingness to suspend judgment until rele- 
vant and available evidence is evaluated.7 


B. Promotion of Student Use of Demo- 
cratic Ethics and Principles 


Science education with its wealth of lab- 
oratory and subject matter investigations 
offers many points to inject democratic 
ethics. Science teachers discourage such 
practices by authoritarian class and labora- 
tory procedures. Youngsters learn by ex- 
ample and imitation—we must provide the 
example and the opportunity for imitation. 


7 These were best developed by Hubert Evans, 
“Science and National Security,” 7. C. Record, 
LVI (December, 1954), pp. 154-164. 
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C. Education That Will Permit Maximal 
Utilisation of the Advances of Science 
and Technology in the Development of 
a Full, Satisfying Life 


Science educators must deal with each 
subject in terms of its human and social 
implications, not as cold fact. A valuable 
aide in attempts to train students to ad- 
just readily to new vocational horizons is 
competancy in use of scientific method. 
This provides a tool by which elements of 
any novel vocational situation can be an- 
alyzed, assimilated and utilized. 

We must provide maximum opportuni- 
ties for development to those who show 
interest or aptitude in science fields. Peo- 
ple must face the reality that continued 
progress depends largely on our adequate- 
ly-trained, scientific specialists. Lack of 
these specialsits can lead only to stagna- 
tion in our society. 


IV. LOCAL SITUATION STUDY 


I chose a portion of a questionnaire de- 
vised by Leland Wilson as my instrument 
to test certain attitudes in high school stu- 
dents. The questionnaire was adminis- 
tered to three academic chemistry and 
three junior and senior general science 
classes. 


wa Inalysis of Total Group 


Our group felt scientific investigations 
must not be planned. A sizable portion 
felt freedom of scientific communication 
was not necessary. Forty-eight per cent 
of the sample agreed that scientific secrecy 
would be of advantage to our country. 
Thirty-eight and six-tenths per cent of the 
sample felt that we should rely on scientists 
to make decisions that effected all of so- 
ciety in the scientific and political fields. 
| To have nearly four out of ten agree with 
a concept antithetical to democracy leads 
me to wonder how well educators are de- 
veloping democratic ethics. | 

Group responses indicate that: (1) they 


believe scientists to be relatively impartial 
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and objective and (2) they believe in the 
frequent use of scientific method in science 
and other fields. 


B. Comparison of Subgroups 


The academic students have had two- 


three years of high school science. If sci- 
ence training has the effect of making the 
responses more desirable, the academics’ 
desirable than 


reactions should be more 


the generals’. However 32 per cent of 
academic students do not believe scientists 
consistently use scientific method. They 
reject the desirability of application of sci- 
entific method to other fields as decisively 
as the general support it. Forty-two per 
cent of the academic group, despite their 
training, thought fundamental atomic en- 
ergy theory was developed in this country. 
More than half felt that rapid communica- 
tions between not neces- 
sary. Although the academic students re- 
jected the doctrine of scientific secrecy, 


47 per cent were in favor of it. 


scientists were 


Except 
their rejection of a scientific aristocracy, I 
can find no other desirable reaction that 
might be traced to their additional train- 
ing. 

Attitudes of the “general’’ group may 
be even more significant since they will 
approximate those that they take into adult 
life. 


those in which they favored a 


The most undesirable reactions were 
scientific 
authority for social decisions and scientific 
secrecy. Trends toward policy decisions 
by a few concerned and toward secrecy 
will not be readily arrested. Pure science 
research will also have considerable oppo- 
sition (40 per cent) in a general society. 
They reject the cooperative nature of sci- 
ence. However, the generals accept the 
controversial proposal on use of scientific 
The reac- 
tions of the general and the academic stu- 


method in non-science fields. 


dents showed an interesting degree of sim- 
ilarity—considerably more than I would 
have expected due to differences in train- 
ing if nothing else. 
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C. Deficiencies and Recommendations 
The sampling revealed a deficiency in 
development of the concept of democratic 
decisions of scientific affairs. 
way to develop that attitude is students’ 
participation in democratic decisions of as 
much of their science work as practical or 


The best 


possible. 

A second deficiency appears in under- 
standing of the need for free scientific com- 
munication. The concept of interdepend 
ence and cooperativeness of scientific work 
apparently been 
Stress on the historical background of sci- 


has poorly developed. 
entific invention would help to remedy this 
lack. 


D. Summary 


Science personnel face several basic re- 
sponsibilities. Students must be provided 
with the education that will best equip 
them to become active, contributing mem- 
bers of their community and society. Sci- 
entific advances must be interpreted to the 
community by science personnel, who 
should assist in the utilization of these ad- 
vances. To himself the educator has the 
responsibility of doing the best possible job 
of fulfilling the requirements scientifically. 
That word implies much concerning pro- 
cedures and methods a 
should use. 


science educator 
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Welch 
PELTIER APPARATUS 


FOR EXPERIMENTS ON THERMOELECTRIC 
COOLING FOR THE INTRODUCTORY 
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The working component is a four-element Frigis- 
tor, trade name for a new solid state device having 
a pronounced Peltier Effect. It is mounted with its 
heat producing junctions in contact with an alum- 
inum heat sink with radiating fins. The cooling 
junctions are in contact with a small insulated 
cold block containing the cooling cavity. Provision 
is also made for demonstrating the thermoelectric 
power generation by the Seebeck Effect. The ap- 
paratus is easily disassembled. Mercury ther- 
mometer, copper-constantan thermocouple, test tube, 
and detailed suggestions for use are included. 
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Buy one fo try! 
A copy of the instruction leaflet will gladly be sent on request. 


The Welch Scientific Company 
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1515 Sedgwick St. Dept. V Chicago 10, Ill. U.S.A. 
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PRACTICAL KIMBLE IDEAS 


Take the Labor out of your Laboratory Procedures 


Here are four of the many Kimble developments 
which have won immediate acceptance in laboratories. 
They have saved valuable hours, simplified many 
procedures, and made possible more accurate work. 


COLOR-CODED PIPETS—PROVIDE 
INSTANT IDENTIFICATION, 
QUICK SORTING 


Kimble offers, at no extra cost, more 
than 20 varieties of color-coded 
pipets . . . each with Kimble’s trao- 
ditional accuracy. Color bands in- 
stantly identify them as to size when 
washing, sorting or storing. 








SAFETY CAPS 
FOR VOLUMETRIC FLASKS, 
MIXING CYLINDERS 


New Kimble Sofety Caps— 
snap-on or plug-type — reduce 
breakage hazards, prevent loss 
of contents. Cylinders and 
flasks with safety caps cost 
less than conventional stop- 
pered units. 





TEFLON ® STOPCOCKS— 
NEVER FREEZE, 
NEVER CONTAMINATE 
Stopcocks with TEFLON plugs 
can’t contaminate solutions- 
becouse no lubricant is used. 
Nor will they bind or freeze. 








SQUARE VOLUMETRIC FLASKS 
—HELP SOLVE 
STORAGE PROBLEMS 
This ideo pioneered by Kimble soves 
spoce, speeds mixing. Kimble Squore 
volumetric flasks are available in 
several sizes from 100 mi to 2000 mi. 


For complete information on these and other Kimble 


TEFLON is registered 

T. M. of DuPont. TEFLON 
plugs are licensed under 
Fischer & Porter patents. 


developments in laboratory glassware, contact your 
Laboratory Supply Dealer or write to Kimble Glass, 


Subsidiary of Owens-Illinois, Toledo 1, Ohio. 
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